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Description 

[0001] The present invention relates to an optical disk, 
an optical disk barcode forming method, a marking form- 
ing apparatus, and a method of manufacturing an optical 5 
disk. 

[0002] In the manufacturing process of optical disks, 
it has been commonly practiced to record a serial 
number, lot number, etc. on each optical disk in the form 
of a barcode. w 
[0003] Since such information cannot be written to a 
pit information area of the optical disk, it has been prac- 
ticed to write the barcoded information to a non-infor- 
mation area, or unused space, on the optical disk. 
[0004] When reproducing (playing back) such an op- '5 
tical disk, the pit information is read by an optical pickup; 
to read the barcoded information such as a serial 
number, etc, recorded in the no n -information area, how- 
ever, a separate reading device has been used. 
[0005] in the above prior art optical disk, since infor- 20 
mation carrying a serial number and the like is not re- 
corded in a pit area but recorded in a non-information 
area, as described above, a separate reading device 
has had to be provided in addition to the usual optical 
pickup, the resulting problem being increased complex- 25 
ity of the playback apparatus construction. 
[0006] EP-A-0 549 488 describes a storage media for 
an optical information system having an identification 
code embedded therein. The identification code can be 
represented by a barcode which is recorded on a mirror 30 
area in which no data is stored. This document discloses 
the features of the preamble portion of claim 1 of the 
present application. 

[0007] In view of the above problem with the prior art, 
it is an object of the present invention to provide an im- 35 
proved optical disk barcode forming method, marking 
forming apparatus and method of manufacturing a disk, 
which allows the prevention of illegal copying of an op- 
tical disk. 

[0008] This object is solved by the subject matters of 40 
the independent claims of the present application. The 
dependent claims describe preferred embodiments of 
the invention. 

Figure 1 is a diagram showing a disk manufacturing 45 
process and a secondary recording process ac- 
cording to the present embodiment; 
Figure 2(a) is a top plan view of a disk according to 
the embodiment, (b) is a top plan view of the disk 
according to the embodiment, (c) is a top plan view so 
of the disk according to the embodiment, (d) is a 
transverse sectional view of the disk according to 
the embodiment, and (e) is a waveform diagram of 
a reproduced signal according to the embodiment; 
Figure 3 is a flowchart illustrating a process of re- 55 
cording encrypted position information on a disk in 
the form of a barcode according to the present em- 
bodiment; 



Figure 4 is a diagram showing a disk fabrication 
process and a secondary recording process (part 

1) according to the present embodiment; 

Figure 5 is a diagram showing the disk fabrication 
process and the secondary recording process (part 

2) according to the present embodiment; 

Figure 6 is a diagram showing a two-layer disk fab- 
rication process (part 1) according to the present 
embodiment; 

Figure 7 is a diagram showing the two-layer disk 
fabrication process (part 2) according to the present 
embodiment; 

Figure 8(a) is an enlarged view of a no n reflective 
portion of a laminated type according to the present 
embodiment, and (b) is an enlarged view of a non- 
reflective portion of a single-plate type according to 
the present embodiment; 

Figure 9(a) is a reproduced-waveform diagram for 
a nonreflective portion according to the present em- 
bodiment, (b) is a reproduced-waveform diagram 
for a nonreflective portion according to the present 
embodiment, (c) is a reproduced-waveform dia- 
gram for a nonreflective portion according to the 
present embodiment, and (d) is a plan view of a 
master disk produced by a master disk method; 
Figure 10(a) is a cross-sectional view of a nonre- 
flective portion of the laminated type according to 
the present embodiment, and (b) is a cross-section- 
al view of a nonreflective portion of the single-plate 
type according to the present embodiment; 
Figure 11 is a schematic diagram, based on an ob- 
servation through a transmission electron micro- 
scope, illustrating a cross section of the nonreflec- 
tive portion according to the present embodiment; 
Figure 12(a) is a cross-sectional view of a disk ac- 
cording to the present embodiment, and (b) is a 
crosssectional view of the nonreflective portion of 
the disk according to the present embodiment; 
Figure 13(a) is a diagram showing a physical ar- 
rangement of addresses on a. legitimate CD accord- 
ing to the embodiment, and (b) is a physical ar- 
rangement of addresses on an illegally duplicated 
CD according to the embodiment; 
Figure 1 4(a) is a diagram showing part (b) of Figure 
33 in further detail, (b) is a diagram showing an 
equivalent data structure for ECC encoding/decod- 
ing, (c) is a diagram showing a mathematical equa- 
tion for EDC computation, and (d) is a diagram 
showing a mathematical equation for ECC compu- 
tation; 

Figure 1 5 is a block diagram of a low-reflectivity po- 
sition detector according to the embodiment; 
Figure 1 6 is a diagram illustrating the principle of 
detecting address/clock positions of a low-reflectiv- 
ity portion according to the embodiment: 
Figure 17 is a diagram showing a comparison of 
low-reflectivity portion address tables for a legiti- 
mate disk and a duplicated disk; 
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Figure 1 8A is a flowchart illustrating a procedure for 
encryption, etc. using an RSA function according to 
the embodiment; 

Figure 18B is a flowchart illustrating a position in- 
formation check process according to the embodi- s 
ment; 

Figure 1 9 is a flowchart illustrating a low- reflectivity 
position detecting program according to the embod- 
iment; 

Figure 20 is a diagram showing a detected wave- 10 
form of a first-layer marking signal according to the 
present embodiment; 

Figure 21 is a diagram showing a detected wave- 
form of a second-layer marking signal according to 
the present embodiment; 15 
Figure 22 is a flowchart illustrating the function of a 
scramble identifier and the switching between drive 
ID and disk ID in a program installation process ac- 
cording to the present embodiment. 
Figure 23 is a block diagram of a stripe recording 20 
apparatus according to the embodiment; 
Figure 24 is a diagram showing a signal waveform 
and a trimming pattern in RZ recording according 
to the embodiment; 

Figure 25 is a diagram showing a signal waveform 25 
and a trimming pattern in NRZ recording; 
Figure 26 is a diagram showing a signal waveform 
and a trimming pattern in PE-RZ recording accord- 
ing to the embodiment; 

Figure 27 is a diagram showing a top plan view of 30 
disk stripes, along with signal waveforms, accord- 
ing to the embodiment; 

Figure 28(a) is a perspective view of a converging 
unit according to the embodiment, and (b) is a dia- 
gram showing a stripe arrangement and an emit- 35 
ting-pulse signal; 

Figure 29(a) is a perspective view of the converging 
unit, with a beam deflector appended thereto, ac- 
cording to the embodiment, and (b) is a diagram 
showing a stripe arrangement and an emitting- 40 
pulse signal; 

Figure 30 is a diagram showing the arrangement of 
stripes on a disk and the contents of control dada 
according to the embodiment; 

Figure 31 is a flowchart illustrating how control « 
mode is switched between CAV and CLV when 
playing back stripes according to the embodiment; 
Figure 32 is a diagram showing a stripe area and 
an address area on a disk according to the embod- 
iment; 50 
Figure 33(a) is a diagram showing a data structure 
after ECC encoding according to the embodiment; 
(b) is a diagram showing a data structure after ECC 
encoding according to the embodiment (when n = 
1), and (c) is a diagram showing an ECC error-cor- ss 
rection capability according to the embodiment; 
Figure 34 is a diagram showing the data structure 
of a synchronization code; 



Figure 35(a) is a diagram showing the configuration 
of an LPF, and (b) is a diagram showing a waveform 
filtered through the LPF; 

Figure 36(a) is a diagram showing a reproduced 
signal waveform according to the embodiment, and 
(b) is a diagram for explaining a dimensional accu- 
racy of a stripe according to the embodiment; 
Figure 37 is a diagram showing a synchronization 
code and a laser emitting pulse signal waveform; 
Figure 38 is a diagram showing a procedure for 
reading control data for playback according to the 
embodiment; 

Figure 39 is a diagram showing a top plan view of 
a disk having a pinhole-like optical marking as a 
physical feature according to the embodiment; 
Figure 40 is a diagram showing a procedure for 
playing back a PCA area in a tracking ON condition 
according to the embodiment; 
Figure 41 is a block diagram of a playback appara- 
tus implementing rotational speed control accord- 
ing to the embodiment; 

Figure 42 is a block diagram of a playback appara- 
tus implementing rotational speed control accord- 
ing to the embodiment; 

Figure 43 is a block diagram of a playback appara- 
tus implementing rotational speed control accord- 
ing to the embodiment; 

Figure 44 is a diagram illustrating a piracy preven- 
tion algorithm according to the embodiment; 
Figure 45 is a diagram for explaining barcode en- 
cryption according to the embodiment; 
Figure 46 is a diagram showing another application 
example of the barcode according to the embodi- 
ment; 

Figure 47 is a perspective view showing a nonre- 
flective portion formed in a two-layer disk according 
to the embodiment; and 

Figure 48 is a diagram showing a comparison of ad- 
dress coordinate positions on different master disks 
according to the embodiment. 

Description of the Reference Numerals 

[0009] 584. LOW-REFLECTIVITY PORTION, 586. 
LOW REFLECTIVITY LIGHT AMOUNT DETECTOR, 
587. LIGHT AMOUNT LEVEL COMPARATOR, 588. 
LIGHT AMOUNT REFERENCE VALUE, 599. LOW RE- 
FLECTIVITY PORTION START/ END POSITION DE- 
TECTOR, 600 LOW-REFLECTIVITY PORTION POSI- 
TION DETECTOR, 601. LOW- REFLECTIVITY POR- 
TION ANGULAR POSITION SIGNAL OUTPUT SEC- 
TION, 602. LOW-REFLECTIVITY PORTION ANGU- 
LAR POSITION DETECTOR, 605. LOW-REFLECTIVI- 
TY PORTION START POINT, 606. LOW-REFLECTIVI- 
TY PORTION END POINT, 607. TIME DELAY COR- 
RECTOR, 816. DISK MANUFACTURING PROCESS, 
817. SECONDARY RECORDING PROCESS, 818. 
DISK MANUFACTURING PROCESS STEPS, 819. 
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SECONDARY RECORDING PROCESS STEPS, 820. 
SOFTWARE PRODUCTION PROCESS STEPS, 830. 
ENCODING MEANS, 831. PUBLIC KEY ENCRYP- 
TION, 833. FIRST SECRET KEY, 834. SECOND SE- 
CRET KEY, 835. COMBINING SECTION, 836. RE- 
CORDING CIRCUIT, 837. ERROR-CORRECTION EN- 
CODER, 838. REED-SOLOMON ENCODER, 839. IN- 
TERLEAVER, 840. PULSE INTERVAL MODULATOR, 
841 . CLOCK SIGNAL GENERATOR, 908. ID GENER- 
ATOR, 909. INPUT SECTION, 910. RZ MODULATOR, 
913. CLOCK SIGNAL GENERATOR, 915. MOTOR, 
915. ROTATION SENSOR, 916. COLLIMATOR, 917. 
CYLINDRICAL LENS, 91 8. MASK, 91 9. CONVERGING 
LENS, 920. FIRST TIME SLOT, 921. SECOND TIME 
SLOT, 922. THIRD TIME SLOT, 923. STRIPE, 924. 
PULSE, 925. FIRST RECORDING REGION, 926. SEC- 
OND RECORDING REGION, 927. ECC ENCODER, 
928. ECC DECODER, 929. LASER POWER SUPPLY 
CIRCUIT, 930. STEPS (IN CAV PLAYBACK FLOW- 
CHART), 931. BEAM DEFLECTOR, 932. SLIT, 933. 
STRIPE, 934. SUB-STRIPE, 935. DEFLECTION SIG- 
NAL GENERATOR, 936. CONTROL DATA AREA, 937. 
STRIPE PRESENCE/ABSENCE IDENTIFIER, 938. 
ADDITIONAL STRIPE PORTION, 939. ADDITIONAL 
STRIPE PRESENCE/ABSENCE IDENTIFIER, 940. 
STEPS (FOR STRIPE PRESENCE/ABSENCE IDENTI- 
FIER PLAYBACK FLOWCHART), 941. OPTICAL 
MARKING (PINHOLE), 942. PE-RZ DEMODULATOR, 
943. LPF, 944. ADDRESS AREA, 945. MAIN BEAM, 
946. SUB-BEAM, 948. STRIPE REVERSE-SIDE 
RECORD IDENTIFIER, 949. STRIPE GAP PORTION, 
950. SCANNING MEANS, 951. DATA ROW, 952. ECC 
ROW, 953. EDGE-SPACING DETECTING MEANS, 
954. COMPARING MEANS, 955. MEMORY MEANS, 
956. OSCILLATOR, 957. CONTROLLER, 958. MOTOR 
DRIVE CIRCUIT, 959. BARCODE READING MEANS, 
963. MODE SWITCH, 964. HEAD MOVING MEANS, 
965. FREQUENCY COMPARATOR, 966. OSCILLA- 
TOR, 967. FREQUENCY COMPARATOR, 968. OSCIL- 
LATOR, 969. MOTOR 

[0010] The preferred embodiments of the present in- 
vention will be described below with reference to the ac- 
companying drawings. In the description hereinafter giv- 
en, position information for piracy prevention, which is 
a form of ID, is taken as an example of information to 
be barcoded. 

[001 1] In the first-half part (I) of the description, a de- 
tailed explanation will be given of the piracy prevention 
position information as a form of ID, followed by a brief 
explanation of how the information is converted into a 
barcode to complete an optica! disk and how the optical 
disk is played back. In the second-half part (H), the tech- 
nique for barcoding the piracy prevention position infor- 
mation will be described in further detail and in a con- 
crete manner. More specifically, the first-half part (I) 
deals with (A) Manufacturing a disk, (B) Forming a mark- 
ing by using laser light, (C) Reading the position infor- 
mation of the marking, (D) Encrypting the position infor- 



mation, converting the encrypted position information 
into a barcode, and writing the barcode in a pre-pit area 
of the optical disk in overwriting fashion, and (E) Playing 
back the optical disk on a player. The second-half part 
s (II) first describes (A) Usefulness of the barcode for a 
laminated-type optical disk, then proceeds to (B) Bar- 
coding the position information of the marking as a disk- 
unique ID, (C) Features of the barcode-recorded optical 
disk format, methods of tracking control, and methods 
10 of rotational speed control during reading of the bar- 
code, and (D) Playing back the barcode-recorded opti- 
cal disk. The second-half part (II) further deals in detail 
with (E) Manufacturing techniques for implementing the 
barcode recording method, followed by a brief explana- 
15 tion of a barcode playback apparatus (player). Finally, 
a description is given of (F) An example of the above 
barcode encryption and another application example of 
the barcode. 



[0012] Before proceeding to the description of the 
above (A) to (E), we will first describe a general process 
flow from disk manufacturing to the completion of an op- 

25 tical disk by using the flowchart of Figure 1 . 

[0013] In this patent specification, laser trimming is al- 
so referred to as laser marking, while a nonref lective op- 
tical marking portion is simply referred to as the barcode, 
stripe, marking, or optical marking or, sometimes, as the 

30 physical ID unique to a disk. 

[0014] First, the software company performs software 
authoring in software production process 820. The com- 
pleted software is delivered from the software company 
to the disk manufacturing factory. In disk manufacturing 

35 process 81 6 at the disk manufacturing factory, the com- 
pleted software is input in step 81 8a, a master disk is 
produced (step 818b), disks are pressed (steps 81 8e, 
81 8g), reflective films are formed on the respective disks 
(steps 81 8f, 81 8h), the two disks are laminated together 

40 (step 81 8i), and a ROM disk such as a DVD or CD is 
completed (step 818m, etc.). 

[001 5] The thus completed disk 800 is delivered to the 
software maker or to a factory under control of the soft- 
ware maker, where, in secondary recording process 

45 817, an anti-piracy marking 584, such the one shown in 
Figure 2, is formed (step 819a), and accurate position 
information of this mark is read by a measuring means 
(step 819b) to obtain the position information which 
serves as the physical feature information of the disk. 

50 This physical feature information of the disk is encrypted 
in step 81 9c. The encrypted information is converted to 
a PE-RZ-modulated signal which is then recorded in 
step 81 9d as a barcode signal on the disk by using a 
laser. The disk physical feature information may becorn- 

55 bined together with software feature information for en- 
cryption in step 819c. The above processes will be de- 
scribed in further detail. That is, a disk fabrication proc- 
ess, a marking formation process, a marking position 
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reading process, and an encrypted information writing 
process for an optical disk according to the present in- 
vention will be described in detail with reference to Fig- 
ures 4 and 5 and Figures 8 to 12. A supplementary ex- 
planation will also be given dealing with a disk having 
two reflective layers with reference to Figures 6 and 7. 
In the following description, the marking formation proc- 
ess and the marking position reading process are col- 
lectively called the secondary recording process. 
[001 6] (A) First, the diskfabrication process will be de- 
scribed. In the disk fabrication process 806 shown in 
Figure 4, first a transparent substrate 801 is pressed in 
step (1). In step (2), a metal such as aluminum or gold 
is sputtered to form a reflective layer 802. An adhesive 
layer 804 formed from an ultraviolet curing resin is ap- 
plied by spin coating to a substrate 803 formed in a dif- 
ferent processing step, and the substrate 803 is bonded 
to the transparent substrate 801 having the reflective 
layer 802, and they are rotated at high speed to make 
the bonding spacing uniform. By exposure to external 
ultraviolet radiation, the resin hardens, thus firmly bond- 
ing the two substrates together. In step (4), a printed 
layer 805 where a CD or DVD title is printed, is printed 
by screen printing or offset printing. Thus, in step (4), 
the ordinary laminated-type optical ROM disk is com- 
pleted. 

[001 7] (B) Next, the marking formation process will be 
described with reference to Figures 4 and 5. In Figure 
4, a laser beam from a pulsed laser 813 such as a YAG 
laser is focused through a converging lens 814 onto the 
reflective layer 802, to form a nonreflective portion 815 
as shown in step (6) in Figure 5. That is, a distinct wave- 
form, such as the waveform (A) shown in step (7), is 
reproduced from the nonreflective portion 815 formed 
in step (6) in Figure 5. By slicing this waveform, a mark- 
ing detection signal such as shown by waveform (B) is 
obtained, from which hierarchial marking position infor- 
mation comprising an address, such as shown in signal 

(d) , and an address, a frame synchronizing signal 
number, and a reproduced clock count, such as shown 
in signal (e), can be measured. 

[001 8] At the rising edge of the thus obtained marking 
detection signal, a specific address (indicated by ad- 
dress n in Figure 5(d)) is read by the optical pickup from 
within the plurality of addresses shown in Figure 5(d). 
Figure 5(b) shows the physical location of the specific 
address in schematic form. On the other hand, Figure 5 

(e) shows the logical structure of the data. As shown in 
Figure 5(e), there are m frame synchronization signals 
under address n, and k reproduced clock pulses under 
each frame synchronization signal. Therefore, the posi- 
tion of the marking measured by the optical pickup can 
be represented by address, frame synchronization sig- 
nal number, and reproduced clock count. 

[0019] As previously stated, a supplementary expla- 
nation will be given below of an alternative type of disk 
(a two-layer laminated disk) with reference to Figures 6 
and 7. 



[0020] Figures 4 and 5 showed a disk generally 
known as a single-layer laminated disk which has a re- 
flective layer only on one substrate 801 . On the other 
hand, Figures 6 and 7 show a disk generally known as 
s a two-layer laminated disk which has reflective layers 
on both substrates 801 and 803. For laser trimming, the 
processing steps (5) and (6) are fundamentally the 
same for both types of disks, except with significant dif- 
ferences which are briefly described below. First, while 
10 the single-layer disk uses a reflective layer formed from 
an aluminum film having reflectivity as high as 70% or 
over, in the two-layer diskthe reflective Iayer801 formed 
on the reading-side substrate 801 is a semi-transparent 
gold (Au) film having a reflectivity of 30%, while the re- 
's flective layer 802 formed on the print-side substrate 803 
is the same as that used in the single-layer disk. Second, 
as compared with the single-layer disk, the two- layer 
disk is required to have high optical accuracy; for exam- 
ple, the adhesive layer 804 must be optically transparent 
and be uniform in thickness, and the optical transparen- 
cy must not be lost due to laser trimming. 
[0021] Parts (7), (8), and (9) of Figure 7 show the sig- 
nal waveforms obtained from the first layer of the two- 
recording-layer disk. Likewise, parts (10), (11), and (12) 
of Figure 7 show the signal waveforms obtained from 
the second layer of the two-recording-layer disk. The 
contents of these signal waveforms are essentially the 
same as those of the waveforms described with refer- 
ence to parts (a) to (c) of Figure 5. 
The waveform from the second layer is similar to that 
from the first layer, though the signal level is lower than 
from the first layer. However, since the first and second 
layers are bonded together, relative positional accuracy 
between them is random and can be controlled only with 
an accuracy of a few hundred microns. As will be de- 
scribed later, since the laser beam passes through the 
two reflective films, to make an illegal disk the position 
informations on the first and second layers for the first 
mark, for example, have to be made to match the same 
value on the legitimate disk. But making them match 
would require a near-submicron accuracy in laminating, 
and consequently, making illegal disks of the two-layer 
type is practically impossible. 

[0022] The technique for forming the nonreflective op- 
tical marking portion will be described in further detail in 
sections (a) to (d) below with reference to Figures 8 to 
12, etc., dealing with the laminated type in comparison 
with a single-plate type. Figures 8(a) and (b) are micro- 
graphs showing plan views of nonreflective optical 
marking portions, and Figure 10(a) is a simplified sche- 
matic cross-sectional view of a nonreflective portion of 
the two-layer laminated disk. 

[0023] (a) Using a 5 uj/pulse YAG laser, a laser beam 
was applied to a 500angstrom aluminum layer lying 0.6 
mm below the surface of a 1 .2mm thick ROM disk con- 
sisting of two 0.6mm thick disks laminated together, and, 
as a result, a 12 u/n wide slit-like nonreflective portion 
815 was formed, as shown in the X 750 micrograph of 
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Figure 8(a). In this X 750 micrograph, no aluminum res- 
idues were observed on the nonreflective portion 815. 
Thick swollen aluminum layers, 2000 angstroms thick 
and 2 um wide, were observed along boundaries be- 
tween the nonreflective portion 815 and reflective por- 
tions. As shown in Figure 10(a), it was confirmed that 
no significant damage had occurred inside. In this case, 
the application of the pulsed laser presumably melted 
the aluminum reflective layer, causing a phenomenon 
of molten aluminum buildup along the boundaries on 
both sides due to the surface tension. We call this a hot 
melt surface tension (HMST) recording method. This is 
a characteristic phenomenon observed only on a (ami* 
nated disk 800. Figure 11 is a schematic diagram, based 
on an observation through a transmission electron mi- 
croscope (TEM), illustrating a cross section of the non- 
reflective portion formed by the above laser trimming 
process. And Figure 11 shows that the adhesive layer 
of the disk has been removed by using solvent. 
[0024] In the figure, if the aluminum film swollen por- 
tion is 1 .3 ujn wid and 0.20 u.m thick, the amount of in- 
creased aluminum in that portion is 1 .3 x (0.20 - 0.05) = 
0.195 u,m 2 . The amount of aluminum originally deposit- 
ed in a half portion (5 urn) of the laser exposed region 
(10 u.m) was 5 x 0.05 = 0.250 urn 2 . The difference is 
calculated as 0.250 - 0.195 = 0.055 u,m 2 . In terms of 
length, this is equivalent to 0.055/0.05 = 1.1 u.m. This 
means that an aluminum layer of 0.05 ujn thickness and 
1.1}im length remained, and therefore, it can be safely 
said that almost all aluminum was drawn to the film swol- 
len portion. Thus, the result of the analysis of the figure 
also verifies the explanation about the above-described 
characteristic phenomenon. 

[0025] (b) We will next deal with the case of a single- 
plate optical disk (an optical disk comprising a single 
disk). An experiment was conducted by applying laser 
pulses of the same power to a O.OSujti thick aluminum 
reflective film formed on a single-sided molded disk, of 
which result is shown in Figure 8(b). As shown in the 
figure, aluminum residues were observed, and since 
these aluminum residues cause reproduction noise, it 
can be seen that the single-plate type is not suitable for 
secondary recording of optical disk information of which 
a high density and a low error rate are demanded. Fur- 
thermore, unlike the laminated disk, in the case of the 
single-plate disk, the protective layer 862 is inevitably 
damaged, as shown in Figure 10(b), when the nonre- 
flective portion is subjected to laser trimming. The de- 
gree of damage depends on the laser power, but the 
damage cannot be avoided even if the laser power is 
controlled accurately. Moreover, according to our exper- 
iment, the printed layer 805 formed by screen printing 
to a thickness of a few hundred microns on the protec- 
tive layer 862 was damaged when its thermal ab- 
sorptance was high. In the case of the single-plate disk, 
to address the problem of protective layer damage, ei- 
ther the protective layer has to be applied once again or 
the laser cut operation should be performed before de- 



positing the protective layer. In any case, the single- 
plate type may present a problem in that the laser cut 
process has to be incorporated in the pressing process. 
This limits the application of the single-plate disk despite 

5 its usefulness. 

[0026] (c) A comparison between single-plate disk 
and laminated disk has been described above, using a 
two-layer laminated disk as an example. As is apparent 
from the above description, the same effect as obtained 

10 with the two-layer laminated disk can be obtained with 
the single-layer laminated disk. Using Figures 12(a), 12 
(b), etc., a further description will be given dealing with 
the single-layer laminated disk type. As shown in Figure 
12(a), the reflective layer 802 has the transparent sub- 

*5 strate 801 of polycarbonate on one side, and the hard- 
ened adhesive layer 804 and a substrate on the other 
side, the reflective layer 802 thus being hermetically 
sealed therebetween. In this condition, pulsed laser light 
is focused thereon for heating; in the case of our exper- 

20 iment, heat of 5 uJ/pulse is applied to a circular spot of 
1 0 to 20 u,m diameter on the reflective layer 802 for a 
short period of 70 ns. As a result, the temperature in- 
stantly rises to 600°C, the melting point, melting state is 
caused. By heat transfer, a small portion of the trans- 

25 parent substrate 801 near the spot is melted, and also 
a portion of the adhesive layer 604 is melted. The molted 
aluminum in this state is caused by surface tension to 
build up along boundaries 821 a and 821 b, with tension 
being applied to both sides, thus forming buildups 822a 

30 and 822b of hardened aluminum, as shown in Figure 1 2 
(b). The nonreflective portion 584 free from aluminum 
residues is thus formed. This shows that a clearly de- 
fined nonreflective portion 584 can be obtained by laser- 
trimming the laminated disk as shown in Figures 10(a) 

35 and 1 2(a). Exposure of the reflective layer to the outside 
environment due to a damaged protective layer, which 
was the case with the single-plate type, was not ob- 
served even when the laser power was increased more 
than 1 0 times the optimum value. After the laser trim- 

40 ming, the nonreflective layer 584 has the structure 
shown in Figure 12(b) where it is sandwiched between 
the two transparent substrates 801 , 803 and sealed with 
the adhesive layer 804 against the outside environment, 
thus producing the effect of protecting the structure from 

45 environmental effects. 

[0027] (d) Another benefit of laminating two disks to- 
gether will be described next. When secondary record- 
ing is made in the form of a barcode, an illegal manu- 
facturer can expose the aluminum layer by removing the 

so protective layer in the case of a single-plate disk, as 
shown in Figure 10(b). This gives rise to a possibility 
that nonecrypted data may be tampered with by rede- 
positing an aluminum layer over the barcode portion on 
a legitimate disk and then laser-trimming a different bar- 

55 code. For example, if the ID number is recorded in plain- 
text or separately from main ciphertext, in the case of a 
single-plate disk it is possible to alter the ID number, en- 
abling illegaJ use of the software by using a different 
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password. However, if the secondary recording is made 
on the laminated disk as shown in Figure 10(a), it is dif- 
ficult to separate the laminated disk into two sides. In 
addition, when removing one side from the other, the 
aluminum reflective film is partially destroyed. When the 
anti-piracy marking is destroyed, the disk will be judged 
as being a pirated disk and will not run. Accordingly, 
when making illegal alterations to the laminated disk, the 
yield is low and thus illegal alterations are suppressed 
for economic reasons. Particularly, in the case of the 
two-layer laminated disk, since the polycarbonate ma- 
terial has temperature/humidity expansion coefficients, 
it is nearly impossible to laminate the two disks, once 
separated, by aligning the anti-piracy markings on the 
first and second layers with an accuracy of a few mi- 
crons, and to mass produce disks. Thus, the two-layer 
type provides a greater effectiveness in piracy preven- 
tion. It was thus found that a clearly defined slit of a non- 
reflective portion 584 can be obtained by laser-trimming 
the laminated disk 800. 

[0028] The technique for forming the non reflective op- 
tical marking portion has been described in (a) to (d) 
above. 

[0029] (C) Next, the process of reading the position of 
the thus formed marking will be described. 
[0030] Figure 1 5 is a block diagram showing a low re- 
flectivity light amount detector 586 for detecting the non- 
reflective optical marking portion, along with its adjacent 
circuitry, in an optical disk manufacturing process. Fig- 
ure 1 6 is a diagram illustrating the principle of detecting 
address/clock positions of the low reflectivity portion. 
For convenience of explanation, the following descrip- 
tion deals with the operating principle when a read op- 
eration is performed on a nonrefiective portion formed 
on an optical disk constructed from a single disk. It will 
be recognized that the same operating principle also ap- 
plies to an optical disk constructed from two disks lam- 
inated together. 

[0031] As shown in Figure 15, the disk 800 is loaded 
into a marking reading apparatus equipped with a low 
reflectivity position detector 600 to read the marking, 
and in this case, since a signal waveform 823 due to the 
presence and absence of pits and a signal waveform 
824 due to the presence of the nonrefiective portion 584 
are significantly different in signal level, as shown in the 
waveform diagram of Figure 9(a), they can be clearly 
distinguished using a simple circuit. 
[0032] Figure 9(a) is a diagram showing the waveform 
of a playback signal from a PCA area, described later, 
containing the nonrefiective portion 584 formed by laser 
light. Figure 9(b) is a diagram showing the waveform of 
Figure 9(a) but with a different time axis. 
[0033] By removing the reflective film by laser light, 
as described above, a waveform easily distinguishable 
from that of a pit signal is obtained. Rather than forming 
an anti-piracy identification mark by removing the reflec- 
tive film by laser light, as described above, the anti-pi- 
racy mark may be formed by changing the shape of pits 



on the master disk. This method will be described below. 
Figure 9(c) shows the waveform of a playback signal 
when the anti-piracy identification mark was formed by 
making pits longer than other data pits on the master 
5 disk. It can be seen from the diagram that the waveform 
824p of the anti-piracy identification mark is distinguish- 
able from the waveform of other pit data. In this way, a 
waveform similar to that obtained from the PCA area de- 
scribed later can be obtained by forming longer pits on 
10 the master disk; in this case, however, the waveform is 
a little difficult to distinguish as compared to the wave- 
forms shown in parts (a) and (b) of Figure 9. 
[0034] By removing the reflective film by laser light, 
as described above, a waveform easily distinguishable 
15 from that of a pit signal is obtained. Rather than forming 
the barcode of the invention by removing the reflective 
film by laser light, as described above, the barcode may 
be formed by changing the shape of pits on the master 
disk. This master disk method will be described below. 
Figure 9(d) is a plan view showing a portion of a master 
disk wherein pits 824q in a few hundred tracks on the 
master disk are made longer than other data pits and 
made equal to the barcode bar width t (= 1 0 jim). Since 
reflectivity drops in this longer-bit area, a waveform 824 
p as shown in Figure 9(c) is obtained. It can be seen 
from the diagram that the waveform 824p by the master 
disk method is distinguishable from the waveform of oth- 
er pit data. In this way, a waveform similar to that ob- 
tained from the PCA area described later can be ob- 
tained by the master disk method; in this case, however, 
the waveform is a little difficult to distinguish as com- 
pared to the waveforms shown in parts (a) and (b) of 
Figure 9. 

[0035] As shown in Figure 1 6(1 ), the start and end po- 
sitions of the nonrefiective portion 564 having the above 
waveform can be easily detected by the low reflectivity 
light amount detector 586 shown in the block diagram 
of Figure 15. Using the reproduced clock signal as the 
reference signal, position information is obtained in a 
low reflectivity position information output section 596. 
Figure 1 6(1 ) shows a cross-sectional view of the optical 
disk. 

[0036] As shown in Figure 15, a comparator 587 in 
the low reflectivity light amount detector 586 detects the 
low reflectivity light portion by detecting an analog light 
reproduced signal having a lower signal level than a light 
amount reference value 588. During the detection peri- 
od, a low reflectivity portion detection signal of the wave- 
form shown in Figure 1 6(5) is output. The addresses and 
clock positions of the start position and end position of 
this signal are measured. 

[0037] The reproduced light signal is waveshaped by 
a waveform shaping circuit 590 having an AGC 590a, 
for conversion into a digital signal. A clock regenerator 
38a regenerates a clock signal from the waveshaped 
signal. An EFM demodulator 592 in a demodulating sec- 
tion 591 demodulates the signal, and an ECC corrects 
errors and outputs a digital signal. The EFM-demodu- 
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lated signal is also fed to a physical address output sec- 
tion 593 where an address of MSF, from Q bits of a sub- 
code in the case of a CD, is output from an address out- 
put section 594 and a synchronizing signal, such as a 
frame synchronizing signal, is output from a synchroniz- 
ing signal output section 595. From the clock regenera- 
tor 38a, a demodulated clock is output. 
[0038] In a low reflectivity portion address/clock sig- 
nal position signal output section 596, a low reflectivity 
portion start/end position detector 599 accurately meas- 
ures the start posistion and end position of the low re- 
flectivity portion 584 by using an (n-1 ) address output 
section 597 and an address signal as well as a clock 
counter 598 and a synchronizing clock signal or the de- 
modulated clock. This method will be described in detail 
by using the waveform diagrams shown in Figure 1 6. As 
shown in the cross-sectional view of the optical disk in 
Figure 16(1), the low reflectivity portion 584 of mark 
number 1 is formed partially. A reflection selope signal 
such as shown in Figure 16(3), is output, the signal level 
from the reflective portion being lower than the light 
amount reference value 588. This is detected by the light 
level comparator 587, and a low reflectivity light detec- 
tion signal, such as shown in Figure 1 6(5), is output from 
the low reflectivity light amount detector 586. As shown 
by a reproduced digital signal in Figure 16(4), no digital 
signal is output from the mark region since it does not 
have a reflective layer. 

[0039] Next, to obtain the start and end positions of 
the low reflectivity light detection signal, the demodulat- 
ed clock or synchronizing clock shown in Figure 16(6) 
is used along with address information. First, a refer- 
ence clock 605 at address n in Figure 1 6(7) is measured. 
When the address immediately preceding the address 
n is detected by the (n-1) address output section 597, it 
is found that the next sync 604 is a sync at address n. 
The number of clocks from the synch 604 to the refer- 
ence clock 605, which is the start position of the low re- 
flectivity light detection signal, is counted by the clock 
counter 598. This clock count is defined as a reference 
delay time TD which is measured by a reference delay 
time TD measuring section 608 for storage therein. 
[0040] The circuit delay time varies with reproduction 
apparatus used for reading, which means that the ref- 
erence delay time TD varies depending on the repro- 
duction apparatus used. Therefore, using the TD, a time 
delay corrector 607 applies time correction, and the re- 
sulting effect is that the start clock count for the low re- 
flectivity portion can be measured accurately if repro- 
duction apparatus of different designs are used for read- 
ing. Next, by finding the clock count and the start and 
end addresses for the optical mark No. 1 in the next 
track, clock m+14 at address n+12 is obtained, as 
shown in Figure 1 6(8). Since TD = m + 2, the clock count 
is corrected to 12, but for convenience of explanation, 
n+14 is used. We will describe another method, which 
eliminates the effects of varying delay times without hav- 
ing to obtain the reference delay time TD in the repro- 



duction apparatus used for reading. This method can 
check whether the disk is a legitimate disk or not by 
checking whether the positional relationship of mark 1 
at address n in Figure 1 6(8) relative to another mark 2 
s matches or not. That is, TD is ignored as a variable, and 
the difference between the position, A1 = a1 + TD, of 
mark 1 measured and the position, A2 = a2 + TD, of 
mark 2 measured is obtained, which is given as A1 - A2 
= a1 - a2. At the same time, it is checked whether this 
10 difference matches the difference, a1 - a2, between the 
position a1 of the decrypted mark 1 and the position in- 
formation a2 of the mark 2, thereby judging whether the 
disk is a legitimate disk or not. The effect of this method 
is that the positions can be checked after compensating 
is for variations of the reference delay time TD by using a 
simpler constitution. 

[0041] (D) Next, the encrypted information writing 
process will be described. The position information read 
in the process (C) is first converted into ciphertext or 
"signed" with a digital signature. Then, the marking po- 
sition information thus encrypted or signed is converted 
into a barcode as an ID unique to the optical disk; and 
the barcode is recorded in overwriting fashion in a pre- 
scribed region of a pre-pit area on the optical disk. Bar- 
code patterns 584c - 584e in Figure 2(a) indicate the 
barcode written to the prescribed region of the pre-pit 
area, that is, in the innermost portion of the pre-pit area. 
[0042] Parts (1) to (5) of Figure 3 show the process 
from the recording of the barcode to the demodulation 
of the barcode detection signal by a PE-RZ modulated 
signal demodulator. In part (1) of Figure 3, the reflective 
layer is trimmed by a pulsed laser, and a barcode- 1 ike 
trimming pattern, such as shown in part (2) of the figure, 
is formed. At the playback apparatus (player), an enve- 
lope waveform some portions of which are missing, as 
shown in part (3) of the figure, is obtained. The missing 
portions result in the generation of a low level signal that 
cannot occur with a signal generated from an ordinary 
pit. Therefore, this signal is sliced by a second slice level 
comparator to obtain a low-reflectivity portion detection 
signal as shown in part (4) of the figure. In part (5) of the 
figure, the playback signal of the barcode is demodulat- 
ed from this low- reflectivity portion detection signal by 
the PE-RZ modulated signal demodulator 621 which will 
be described in detail in the second-half part (II). It will 
be appreciated that, instead of the PE-RZ modulated 
signal demodulator 621 , a pulse-width modulated signal 
demodulator (PWM demodulator) may be used, in 
which case also, a similar effect can be obtained. 
[0043] When applying the above encryption or digital 
signature, a secret key of a public key encryption func- 
tion is used. As an example of the encryption, Figures 
1 8A and 1 8B show an encryption process using an RSA 
function. 

[0044] As shown in Figure 1 8A, the process consists 
of the following major routines: step 735a where mark- 
ing position information is measured at the optical disk 
maker, step 695 where the position information is en- 
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crypted (or a digital signature is appended), step 698 
where the position information is decrypted (or the sig- 
nature is verified or authenticated) in the reproduction 
apparatus, and step 735w where a check is made to de- 
termine whether the disk is a legitimate optical disk or 
not. 

[0045] First, in step 735a, the marking position infor- 
mation on the optical disk is measured in step 735b. The 
position information is then compressed in step 735d, 
and the compressed position information H is obtained 
in step 735e. 

[0046] In step 695, the ciphertext of the compressed 
position information H is constructed. First, in step 695, 
a secret key, d, of 512 or 1024 bits, and secret keys, p 
and q, of 256 or 512 bits, are set, and in step 695b, en- 
cryption is performed using an RSA function. When the 
position information H is denoted by M, M is raised to d- 
th power and mod n is calculated to yield ciphertext C. 
In step 695 d, the ciphertext C is recorded on the optical 
disk. The optical disk is thus completed and is shipped 
(step 735k). 

[0047] In the reproduction apparatus, the optical disk 
is loaded in step 735m, and the ciphertext C is decrypted 
in step 698. More specifically, the ciphertext C is recov- 
ered in step 698e, and public keys, e and n, are set in 
step 698f; then in step b, to decrypt the ciphertext C, the 
ciphertext C is raised to e-th power and the mod n of the 
result is calculated to obtain plaintext M. The plaintext 
M is the compressed position information H. An error 
check may be performed in step 698g. If no errors, it is 
decided that no alterations have been made to the po- 
sition information, and the process proceeds to the disk 
check routine 735w shown in Figure 1 8B. If an error is 
detected, it is decided that the data is not legitimate one, 
and the operation is stopped. 

[0048] In the next step 736a, the compressed position 
information H is expanded to recover the original posi- 
tion information. In step 736c, measurements are made 
to check whether the marking is actually located in the 
position on the optical disk indicated by the position in- 
formation. In step 736d, it is checked whether the differ- 
ence between the decrypted position information and 
the actually measured position information falls within a 
tolerance. If the check is OK in step 736e, the process 
proceeds to step 736h to output software or data or ex- 
ecute programs stored on the optical disk. If the check 
result is outside the tolerance, that is, if the two pieces 
of position information do not agree, a display is pro- 
duced to the effect that the optical disk is an illegally 
duplicated one, and the operation is stopped in step 
736g. RSA has the effect of reducing required capacity 
since only the ciphertext need be recorded. 
[0049] (E)The processing steps in the optical disk 
manufacturing process have been described above. 
Next, the constitution and operation of a reproduction 
apparatus (player) for reproducing the thus completed 
optical disk on a player will be described with reference 
to Figure 44. 



[0050] In the f igu re, the construction of an optical disk 
9102 will be described first. A marking 9103 is formed 
on a reflective layer (not shown) deposited on the optical 
disk 9102. In the manufacturing process of the optical 
disk, the position of the marking 9103 was detected by 
position detecting means, and the detected position was 
encrypted as marking position Information and written 
on the optical disk in the form of a barcode 9104. 
[0051] Position information reading means 9101 
reads the barcode 9104, and decrypting means 9105 
contained therein decrypts the contents of the barcode 
for output. Marking reading means 9106 reads the ac- 
tual position of the marking 91 03 and outputs the result. 
Comparing/judging means 91 07 compares the decrypt- 
ed result from the decrypting means 91 05 contained in 
the position information reading means 9101 with the 
result of reading by the marking reading means 9106, 
and judges whether the two agree within a predeter- 
mined allowable range. If they agree, a reproduction sig- 
nal 9 108 for reproducing the optical disk is output; if they 
do not agree, a reproduction stop signal 9109 is output. 
Control means (not shown) controls the reproduction 
operation of the optical disk in accordance with these 
signals; when the reproduction stop signal is output, an 
indication to the effect that the optical disk is an illegal 
duplicated disk is displayed on a display (not shown) 
and the reproduction operation is stopped. In the above 
operation, it will be recognized that it is also possible for 
the marking reading means 9106 to use the decrypted 
result from the decrypting means 91 05 when reading the 
actual position of the marking 9103. 
[0052] Namely in this case, the marking reading 
means 9106 checks whether the marking is actually lo- 
cated in the position on the optical disk indicated by the 
position information which is decrypted by the decrypt- 
ing means 9105. 

[0053] Thus the reproduction apparatus of the above 
construction can detect an illegally duplicated optical 
disk and stop the reproduction operation of the disk, and 
can prevent illegal duplicates practically. 

(II) 

[0054] We finish here the description of the first-half 
45 part (I), and now proceed to the description of the sec- 
ond-half part (II). This part focuses particularly on tech- 
niques, including a barcode formation method, used 
when barcoding the above marking position Information 
(ID information) as a disk-unique ID. 
so [0055] (A) Features of the optical disk of the present 
invention will be described. 

[0056] When a barcode is recorded by laser trimming 
on the above-described single-plate disk, the protective 
layer 862 is destroyed, as explained in connection with 
55 Figure 1 0(b). Therefore, after laser trimming at a press 
factory, the destroyed protective layer 862 has to be re- 
formed at the press factory. 

[0057] This means that a barcode cannot be recorded 
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on the optical disk at a software company or a dealer 
that does not have the necessary equipment. The prob- 
lem expected here is that the application of barcode re- 
cording is greatly limited. 

[0058] On the other hand, when the marking position 
information was recorded as a barcode by laser trim- 
ming on the laminated-type disk of the invention formed 
from two transparent substrates laminated together, it 
was confirmed that the protective layer 804 remained 
almost unchanged, as already explained in connection 
with Figure 1 0(a). This was confirmed by experiment by 
observing the disk under an optical microscope of 800X 
magnification. It was also confirmed that no change had 
occurred to the reflective film in the trimmed portion after 
an environmental test of 96 hours at a temperature of 
85°C and a humidity of 95%. 

[0059] In this way, when the laser trimming of the 
present Invention is applied to a laminated disk such as 
a DVD, there is no need to reform the protective layer 
at the factory. This offers a great advantage in that a 
barcode can be recorded by trimming on the optical disk 
at a place other than the press factory, for example, at 
a software company or a dealer. The usefulness of bar- 
code recording on the laminated-type optical disk was 
thus confirmed. 

[0060] In this case, since the secret key information 
for encryption that the software company keeps need 
not be delivered to a party outside the company, security 
increases greatly, particularly when security information 
such as a serial number for copy prevention is recorded 
as a barcode in addition to the above-described position 
information. Furthermore, in the case of a DVD, since 
the barcode signal can be separated from DVD pit sig- 
nals by setting the trimming line width at a value greater 
than 14T or 1 .82 microns, as will be described later, the 
barcode signal can be recorded in the pit recording area 
on the DVD in superimposing fashion. The barcode 
formed in this way offers the effect that the barcode can 
be read by the optical pickup used to read the pit signal. 
This effect can be obtained not only with the laminated- 
type disk but also with the previously described single- 
plate disk. 

[0061 ] Thus, by applying the barcode forming method 
and modulation recording method of the invention to a 
laminated-type disk such as a DVD, a laminated-type 
optical disk can be provided that permits secondary re- 
cording after shipment from the factory. The above de- 
scription has dealt mainly with a case in which the bar- 
code is formed by laser trimming on a laminated-type 
disk of a two-layer, single-sided structure (with two re- 
flective layers formed on one side). This single-sided, 
two-layered optical disk is the type of disk that permits 
playback of both sides from one side of the disk without 
having to turn over the disk. 

[0062] On the other hand, when trimming is per- 
formed on a double-sided, laminated-type optical disk 
that needs turning over when playing back the reverse 
side, the laser light passes through the two reflective 



films each formed on one side of the disk. Therefore, 
the barcode can be formed simultaneously on both 
sides. This provides an advantage for media fabrication 
in that the barcode can be recorded simultaneously on 

s both sides in a single step. 

[0063] In this case, when the optical disk is turned 
over to play back the reverse side on a playback appa- 
ratus, the barcode signal is played back in just the op- 
posite direction to the direction that the barcode signal 

10 on the front side is played back. A method for identifying 
the reverse side is therefore needed. This will be de- 
scribed in detail later. 

[0064] (B) Referring now to Figures 23 to 26, etc., we 
will describe the construction and operation of an optical 

15 disk barcode forming apparatus for converting the mark- 
ing position information (ID number) into a barcode as 
a disk-unique ID and for recording the barcode in a pre- 
scribed region of a pre-pit area. A barcode recording 
method, etc. will also be described. 

20 [0065] (a) First, the optical disk barcode recording ap- 
paratus will be described with reference to Figure 23. 
[0066] Figure 23 is a diagram showing the configura- 
tion of the barcode recording apparatus for implement- 
ing an optical disk barcode forming method in one em- 

25 bodiment of the present invention. In the above men- 
tioned embodiment, data to be barcoded is the data of 
encrypted version of marking position information. But 
the data to be barcode is not restricted to the above em- 
bodement. It may include, for example, input data and 

30 an ID number issued from an ID generator 908, as 
shown in Figure 23, or any other kind of data. 
[0067] In Figure 23, the input data and the ID number 
issued from the ID generator 908 are combined together 
in an input section 909; in an encryption encoder 830, 

35 the combined data is subjected to signature or encryp- 
tion using an RSA function, etc. as necessary, and in an 
ECC encoder 907, error-correction coding and inter- 
leaving are applied. The encryption process and the 
playback process will be described in detail later by way 

40 of example with reference to Figure 45. 

[0068] The data is then fed into an RZ modulator 91 0 
where phase-encoding (PE) RZ modulation to be de- 
scribed later is performed. The modulating clock used 
here is created by a clock signal generator 913 in syn- 

<5 chronism with a rotation pulse from a motor 915 or a 
rotation sensor 915a. 

[0069] Based on the RZ-modulated signal, a trigger 
pulse is created in a laser emitting circuit 911, and is 
applied to a laser 912 such as a YAG laser established 

so by a laser power supply circuit 929. The laser 912 thus 
driven emits pulsed laser light which is focused through 
a converging unit 914 onto the reflective film 802 on the 
laminated disk 800, removing the reflective film in a bar- 
code pattern. The error-correction method will be de- 

55 scribed in detail later. For encryption, a public key cipher, 
such as the one shown in Figure 18, is appended as a 
signature to the serial number with a secret key that the 
software company has. In this case, since no one other 
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than the software company has the secret key and 
therefore cannot append a legitimate signature to a new 
serial number, this has an enormous effect in preventing 
illegal manufacturers from issuing a serial number. 
Since the public key cannot be deciphered, as previous- 
ly described, the security is greatly enhanced. Disk pi- 
racy can thus be prevented even when the public key is 
recorded on the disk for delivery. 
[0070] The converging unit 91 4 in the optical disk bar- 
code forming apparatus of the present embodiment will 
be described below in more detail. 
[0071] As shown in Figure 28(a), light emitted from the 
laser 912 enters the converging unit 914 where the en- 
tering light is converted by a collimator 91 6 into a parallel 
beam of light which is then converged in only one plane 
by a cylindrical lens 91 7, thus producing a stripe of light. 
This light is limited by a mask 918, and is focused 
through a converging lens 919 onto the reflective film 
802 on the . optical disk to remove the film in a stripe 
pattern. A stripe such as shown in Figure 28(b) is thus 
formed. In PE modulation, stripes are spaced apart at 
three different intervals, 1T, 2T, and 3T. If this spacing is 
displaced, jitter occurs and the error rate rises. In the 
present invention, the clock generator 913 generates a 
modulating clock in synchronism with a rotation pulse 
from the motor 915, and supplies this modulating clock 
to the modulator 910 to ensure that each stripe 923 is 
recorded at a correct position in accordance with the ro- 
tation of the motor 915, that is, with the rotation of the 
disk 800. This has the effect of reducing jitter. Alterna- 
tively, a laser scanning means 950, such as shown in 
Figure 3(1), may be provided by which a continuous- 
wave laser is scanned in a radial direction to form a bar- 
code. 

[0072] (b) Next, a barcode recording method, etc., for 
forming a barcode using the above-described barcode 
recording apparatus, will be described with reference to 
Figure 24 to 26. 

[0073] Figure 24 shows signals coded with RZ record- 
ing (polarity return-to-zero recording) of the invention 
and trimming patterns formed corresponding to them. 
Figure 25 shows signals coded with a conventional bar- 
code format and trimming patterns formed correspond- 
ing to them. 

[0074] The present invention uses RZ recording, as 
shown in Figure 24. In this RZ recording, one unit time 
is divided into a plurality of time slots, for example, a first 
time slot 920a, a second time slot 921 , a third time slot 
922, and so on. When data is "00", for example, a signal 
924a of a duration shorter than the period of the time 
slot, that is, the period T of a channel clock, is recorded 
in the first time slot 920a, as shown in part (1) in Figure 
26. The pulse 924a whose duration is shorter than the 
period T of the recording clock is output between t=T1 
and t=T2. In this case, using a rotation pulse from the 
rotation sensor 915a on the motor 915, the clock signal 
generator 913 generates a modulation clock pulse as 
shown in part (1 ) of Figure 24; by performing the record- 



ing in synchronism with the clock pulse, the effects of 
rotational variation of the motor can be eliminated. In 
this way, as shown in part (2) of Figure 24, a stripe 923a 
indicating "00" is recorded on the disk within a recording 
5 region 925a, the first of the four recording regions 
shown, and a circular barcode such as shown in part (1) 
of Figure 27 is formed. 

[0075] Next, when data is "01 ", a pulse 924b is record- 
ed in the second time slot 921 b between t=T2 and t=T3, 
10 as shown in part (3) in Figure 24. In this way, a stripe 
923b is recorded on the disk within a recording region 
926b, the second region from the left, as shown in part 
(4) of Figure 24. 

[0076] Next, when recording data M 1 0" and "11", these 
15 data are recorded in the third time slot 922a and fourth 
time slot, respectively. 

[0077] Here, for comparison purposes, NRZ record- 
ing (n on -return -to-zero recording) used for conventional 
barcode recording will be described with reference to 
Figure 25. 

[0078] In NZR recording, pulses 928a and 928b, each 
having a width equal to the period T of time slot 920a, 
are output, as shown in part (1) of Figure 25. In RZ re- 
cording, the width of each pulse is 1/nT; on the other 
hand, in the case of NZR recording, a pulse as wide as 
T is needed, and furthermore, when T appears succes- 
sively, a pulse of double or triple width, 2T or 3T, be- 
comes necessary, as shown in part (3) of Figure 25. In 
the case of laser trimming such as described in the 
present invention, changing the laser trimming width is 
practically difficult since it necessitates changing set- 
tings, and therefore, NRZ is not suitable. As shown in 
part (2) of Figure 25, stripes 929a and 929b are respec- 
tively formed in the first and third recording regions 925a 
and 927a from the left, and in the case of data "10", a 
stripe 929b of width 2T is recorded in the second and 
third recording regions 929b and 927b from the left, as 
shown in part (4) of Figure 25. 

[0079] In the conventional NRZ recording, the pulse 
widths are 1T and 2T, as shown in parts (1) and (3) of 
Figure 25; it is therefore apparent that NRZ recording is 
not suitable for the laser trimming of the present inven- 
tion. According to the laser trimming of the present in- 
vention, a barcode is formed as shown in the experiment 
result shown in Figure 8(a), but since trimming line width 
differs from disk to disk, it is difficult to precisely control 
the line width; when trimming the reflective film on a disk, 
the trimming line width, varies depending on variations 
in laser output, thickness and material of the reflective 
film, and thermal conductivity and thickness of the sub- 
strate. Further, forming slots of different line widths on 
the same disk will result in an increased complexity of 
the recording apparatus. For example, in the case of the 
NZR recording used for product barcode recording, as 
shown in parts (1 ) and (2) of Figure 25, the trimming line 
width must be made to precisely coincide with the period 
1T of the clock signal, or 2T or 3T, that is, with nT. It is 
particularly difficult to record various line widths such as 
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2T and 3T by varying the line width for each bar (each 
stripe). Since the conventional product barcode format 
is an NRZ format, if this format is applied to the laser- 
recorded barcode of the present invention, the fabrica- 
tion yield will decrease because it is difficult to precisely 
record varying line widths such as 2T and 2T on the 
same disk; furthermore, stable recording cannot be 
done since the laser trimming width varies. This makes 
demodulation difficult. Using RZ recording, the present 
invention has the effect of achieving stable digital re- 
cording even if the laser trimming width varies. Further, 
the invention offers the effect of simplifying the construc- 
tion of the recording apparatus since RZ recording re- 
quires only one kind of line width and the laser power 
therefore need not be modulated. 
[0080] As described, by employing the above RZ re- 
cording for optical disk barcode recording according to 
the invention, there is offered the effect of ensuring sta- 
ble digital recording. 

[0081] An example of the phase-encoding (PE) mod- 
ulation of RZ recording will be described with reference 
to Figure 26. 

[0082] Figure 26 shows signals and an arrangement 
of stripes when the RZ recording shown in Figure 24 is 
PE-modulated. As shown, data "0" is recorded in the 
left-hand time slot 920a of the two time slots 920a and 
921 a; on the other hand, data "1 " is recorded in the right- 
hand time slot 921a, as shown in part (3) of Figure 26. 
On the disk, data "0" is recorded as a stripe 923a in the 
left-hand recording region 925a and data "1 " as a stripe 
923b in the right-hand recording region 926b, as shown 
in parts (2) and (4) of Figure 26, respectively. Thus, for 
data "010", a pulse 924c is output in the left-hand time 
slot for "0", a pulse 924d is output in the right-hand time 
slot for "1", and a pulse 924e is output in the left-hand 
time slot for "0", as shown in part (5) of Figure 26; on 
the disk, the first stripe is formed in the left-hand posi- 
tion, the second stripe in the right-hand position, and the 
third stripe in the left-hand position, by laser trimming. 
Figure 26(5) shows signals modulated with data "01 0". 
As can be seen, a signal is always available for every 
channel bit. That is, since the signal density is constant, 
the DC component does not vary. Since the DC compo- 
nent does not vary, PE modulation is resistant to varia- 
tion in low-frequency components even if a pulse edge 
is detected during playback. This has the effect of sim- 
plifying playback demodulator circuitry of the disk play- 
back apparatus. Furthermore, since one signal 923 is 
always available for every channel clock 2T, this has the 
effect of being able to reproduce a synchronization clock 
for a channel clock without using a PLL. 
[0083] A circular barcode, such as shown in Figure 27 
(1), is thus formed on the disk. When data "01000", 
shown in part Figure 27(4), is recorded, in the PE-RZ 
modulation of the invention a barcode 923a having the 
same pattern as the recorded signal shown in part (3) 
is recorded as shown in part (2). When this barcode is 
played back by an optical pickup, a signal waveform, 



such as shown in part (5) REPRODUCED SIGNAL, is 
output with portions thereof dropped corresponding to 
missing portions of a pit-modulated signal where no re- 
flection signals are obtained due to removal of the re- 

5 flective film, as explained with reference to part Figure 
5(6). By passing this reproduced signal through the sec- 
ond-order or third-order LPF filter 934 shown in Figure 
35(a), the filtered signal waveform shown in Figure 27 
(6) is obtained. By slicing this signal by a level slicer, 

10 reproduced data "01000" of part (7) is demodulated. 
[0084] (C) We will next describe features of the optical 
disk format with a barcode formed in the above'manner, 
tracking control methods, and rotational speed control 
methods that can be used when playing back the optical 

15 disk. 

[0085] (a) We will first describe the features of the op- 
tical disk format with a barcode formed according to the 
present embodiment, while dealing with an example of 
a condition that permits tracking control during playback 

20 (this condition is also referred to as the tracking ON con- 
dition). A playback operation using tracking control is 
shown in Figure 40, and its details will be given later. 
[0086] In the case of a DVD disk in the present em- 
bodiment, all data are recorded in pits with CLV, as 

25 shown in Figure 30. Stripes 923 (forming a barcode) are 
recorded with CAV. CLV recording means recording with 
constant linear velocity, while CAV recording means re- 
cording with constant angular velocity. 
[0087] In the present invention, the stripes 923 are re- 

30 corded with CAV, superimposed on a pre-pit signal in a 
lead-in data area holding an address which is recorded 
with CLV. That is, the data is overwritten with the stripes. 
In the present invention, the pre-pit signal area maps 
into all the data areas where pits are formed. The pre- 
ss scribed region of the pre-pit signal area, as mentioned 
in the present invention, corresponds to an inner portion 
of the optical disk; this region is also called a post-cutting 
area (PCA). In this PCA area, the barcode is recorded 
with CAV, superimposed on pre-brt signals. In this way, 

40 the CLV data is recorded with a pit pattern from the mas- 
ter disk, while the CAV data is recorded with laser- re- 
moved portions of the reflective film. Since the barcode 
data is written in overwriting fashion, pits are recorded 
between the barcode stripes 1T, 2T, and 3T Using this 

45 pit information, optical head tracking is accomplished, 
and Tmax orTmin of the pit information can be detected; 
therefore, motor rotational speed is controlled by detect- 
ing this signal. To detect Tmin, the relation between the 
trimming width t of stripe 923a and the pit clock T (pit) 

so should be t > 1 4T (pit), as shown in Figure 30, to achieve 
the above effect. If t is shorter than 1 4T, the pulse width 
of the signal from the stripe 923a becomes equal to the 
pulse width of the pit signal, and discrimination between 
them is not possible, so that the signal from the stripe 

55 923a cannot be demodulated. To enable pit address in- 
formation to be read at the same radius position as the 
stripes, an address area 944 is provided longer than a 
unit of one address of pit information, as shown in Figure 
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32; address information can thus be obtained, making 
it possible to jump to the desired track. Furthermore, the 
ratio of the stripe area to the non-stripe area, that is, the 
duty ratio, is made less than 50%, i.e., T(S) < T(NS) ; 
since the effective reflectivity decreases only by 6 dB, 5 
this has the effect of ensuring stable focusing of the op- 
tical head. 

[0088] Next, we will describe an example of a condi- 
tion in which tracking control cannot be applied during 
playback (this condition is also referred to as the track- 10 
ing OFF condition). 

[0089] Since the stripes 923 are written over pits, in- 
terrupting pit signals and preventing correct playback of 
the pit data, tracking control may not be possible on 
some players. In such players, the strips 923, which are 15 
CAV data, can be read by the optical pickup by applying 
rotational control using a rotational pulse from a Hall el- 
ement, etc. in the motor 17. 

[0090] Figure 31 shows a flowchart illustrating a pro- 
cedure for operations in a playback apparatus when pit 20 
data in the optical tracks in the stripe area cannot be 
correctly played back. 

[0091] In Figure 31, when a disk is inserted in step 
930a, the optical head is moved by a prescribed dis- 
tance to the inner portion in step 930b. The optical head 25 
is thus positioned on the area where the stripes 923 of 
Figure 30 are recorded. 

[0092] Here, it is not possible to correctly playback da- 
ta from all the pits recorded in the stripe area 923. In this 
case, therefore, usual rotation phase control cannot be 30 
applied for the playback of the pit data recorded with 
CLV. 

[0093] In step 930c, rotational speed control is applied 
by using a rotational' sensor of a Hall element in the mo- 
tor or by measuring the T(max) or T(min) or frequency 35 
of a pit signal, if it is determined in step 930i that there 
are no stripes, the process jumps to step 930f. If there 
are stripes, the barcode is played back in step 930d, and 
when playback of the barcode is completed in step 
930e, the optical head is moved in step 930f to an outer 40 
area where no stripes are recorded. In this area, since 
no stripes are recorded, the pits are played back cor- 
rectly and accurate focus and tracking servo are 
achieved. Since the pit signal can be played back, usual 
rotation phase control can be performed to rotate the <5 
disk with CLV. As a result, in step 930h, the pit signal is 
played back correctly. 

[0094] By switching between the two rotation control 
modes, i.e., the rotational speed control and the rotation 
phase control by pit signals, the effect is obtained that so 
two different kinds of data, barcode stripe data and pit- 
recorded data, can be played back. Since the stripes 
are recorded in the innermost area, switching means 
measures the radius position of the optical head from 
the optical head stopper or from the address of a pit sig- ss 
nai, and based on the result of the measurement, cor- 
rectly performs switching between the two rotation con- 
trol modes. 



[0095] (b) Referring next to Figures 41 and 42, we will 
describe two control methods for controlling the rotation- 
al speed when playing back the barcode according to 
the present embodiment. 

[0096] Figure 41 shows the first rotational speed con- 
trol method wherein rotational speed control is applied 
by detecting Tmax of a bit signal (Tmax means meas- 
uring time for a pit having the largest pit length of various 
pit lengths). 

[0097] A signal from the optical head is first subjected 
to waveshaping, and then the pulse spacing of the pit 
signal is measured by an edge-spacing measuring 
means 953. A to reference value generating means 956 
generates reference value information to whose pulse 
width is larger than the pulse width 1 4T of the sync signal 
but smaller than the pulse width t of the barcode signal. 
This reference value information to and the pulse width 
TR of the reproduced signal are compared in a compar- 
ing means 954; only when TR is smaller than the refer- 
ence value tO and larger than Tmax held in a memory 
means 955, TR is supplied to the memory means 955 
where TR is set as Tmax. By reference to this Tmax, a 
controller 957 controls a motor drive circuit 958, achiev- 
ing motor rotational speed control based on Tmax. In 
the case of the present invention, numerous pulses at 
cycles of 3 to 10 us are generated by barcode stripes, 
as shown in Figure 9(a). In the case of a DVD, the sync 
pulse width is 14T, that is, 1 .82 uxn. On the other hand, 
the barcode stripe width is 15 um. In Tmax-based con- 
trol, the barcode pulse longer than the pulse width 14T 
of the synch pulse will be erroneously judged and de- 
tected as Tmax. Therefore, by removing barcode sig- 
nals larger than the reference value to by comparison 
with the reference value to, as shown in Figure 41 , it 
becomes possible to perform rotational speed control 
for normal rotational speed during the playback of the 
barcode stripe area. 

[0098] Next, the second rotational speed control 
method will be described with reference to Figure 42. 
This method performs rotational speed control by de- 
tecting Tmin (Tmin means measuring time for a pit hav- 
ing the smallest pit length of various pit lengths). 
[0099] In the Tm in-based control shown in Figure 42, 
the pulse information TR from the edge-spacing detect- 
ing means 953 is compared in a comparing means 954a 
with Tmin held in a memory means 955a; if TR < Tmin, 
a strobe pulse occurs and the Tmin in the memory is 
replaced by TR. 

[0100] In this case, the barcode pulse width t is 3 to 
1 0 um, as noted above, while Tmin is 0.5 to 0.8 u,m. As 
a result, if the barcode area is played back, the condition 
TR < Tmin is not satisfied since the barcode pulse width 
t is always greater than Tmin. That is, there is no pos- 
sibility of erroneously judging a barcode pulse as Tmin. 
Therefore, when the Tmin-based rotational speed con- 
trol is combined with a barcode reading means 959, the 
effect is that rotational speed control based on Tmin can 
be applied more stably while playing back the barcode, 
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compared to the Tmax-based method. Further, an os- 
cillator clock 956 creates a reference clock for demod- 
ulation In the barcode reading means 959, while detect- 
ing the edge spacing; this has the effect of being able 
to demodulate the barcode in synchronism with rotation. 
[0101] (D) Next, a series of optical disk reproduction 
operations (playback operations) using the above con- 
trol methods, etc. will be described. 
[0102] Referring first to Figures 31 and 43, a first play- 
back method will be described in conjunction with a 
method for switching between rotation phase control 
mode and rotational speed control mode by a mode 
switch 963. Then, a second and a third playback method 
for playing back the optical disk of the present embodi- 
ment will be described with reference to Figures 38, 40, 
etc. The first and second playback methods hereinafter 
described are each concerned with a case where track- 
ing control cannot be performed, while the third play- 
back method is concerned with a case where tracking 
control can be performed. 

[0103] At the same time that the optical head is moved 
to the inner portion of the disk in steps 930b and 930c 
in Figure 31 , the mode switch 963 shown in Figure 43 
is switched to A. Alternatively, the mode switch 963 may 
be switched to A when it is detected by a pickup (PU) 
position sensor 962, etc. that the optical head being 
moved by a moving means 964 has reached the inner 
portion of the disk. 

[0104] Next, an operation when the rotational speed 
control mode (step 930c in Figure 31) is entered will be 
described with reference to Figure 43. 
[0105] A motor rotation frequency, fm, from a motor 
969 and a frequency, f2, of a second oscillator 968 are 
compared in a second frequency comparator 967, and 
a difference signal is fed to the motor drive circuit 958 
to control the motor 969, thus achieving rotational speed 
control. In this case, since the disk is rotating with CAV, 
the barcode stripe can be played back. 
[0106] When the barcode playback is completed in 
step 930e in Figure 31 , the head is moved to an outer 
area by the moving means 964, and at the same time, 
by a signal from the PU position sensor 962, etc., the 
mode switch 963 is switched to B for rotation phase con- 
trol mode. 

[01 07] In the rotation phase control mode, PLL control 
is applied to the pit signal from the optical head by a 
clock extracting means 960. The frequency f1 of a first 
oscillator 966 and the frequency fS of a reproduced syn- 
chronization signal are compared in a first frequency 
comparator 965, and a difference signal is fed to the mo- 
tor drive circuit 958. The rotation phase control mode is 
thus entered. Because of PLL phase control by the pit 
signal, data synchronized to the synchronization signal 
of f1 is played back. If the optical head were moved to 
the barcode stripe area by rotation phase control, with- 
out switching between rotational phase control for the 
motor and rotational speed control for the motor, phase 
control could not be performed because of the presence 



of the stripes, and trouble would occur, such as, the mo- 
tor running out of control or stopping, an error condition 
occurring, etc. Therefore, as shown in Figure 43, switch- 
ing to the appropriate control mode not only ensures sta- 

5 ble playback of the barcode but has the effect of avoid- 
ing troubles relating to motor rotation. 
[01 08] The second method for playing back the opti- 
cal disk of the present embodiment will be described 
with reference to Figure 38 which shows a flowchart il- 

10 lustrating the operation. 

[0109] The second playback method is an improved 
version of the first playback method. 
[0110] More specifically, the first playback method is 
a method for playing back an optical disk on which a 

15 stripe presence/absence identifier 937 is not defined. 
Since tracking is not applied in the stripe area on an op- 
tical disk of this type, it takes time to distinguish between 
a stripe pattern legally formed on the disk and an irreg- 
ular pattern caused by scratches on the disk surface. 

20 Therefore, regardless of whether the stripes are record- 
ed or not, the playback procedure has to perform a stripe 
reading operation first, to check the presence or ab- 
sence of stripes or whether the stripes are recorded in 
the inner portion of the optical disk. This may cause a 

25 problem in that an extra time is required before the data 
can be actually played back. The second playback 
method improves on this point. 

[0111] First, as shown in Figure 38, when an optical 
disk is inserted, control data is played back in step 940a. 

30 Usually, physical feature information and attribute infor- 
mation of the optical disk are recorded as control data 
in a control data area. The physical feature information 
includes, for example, information indicating that the op- 
tical disk is a laminated-type disk of a two-layer, single- 

35 sided structure. 

[01 12] In the present invention , as shown in Figure 30 , 
the control data recorded in the control data area 936 of 
the optical disk contains a PCA stripe presence/ab- 
sence identifier 937 recorded as a pit signal. Therefore, 

40 the optical head is first moved, in step 940n, to an outer 
area where the control data is recorded. And then the 
optical head moves inwardly jumping across a plurality 
of tracks until reaching the control data area 436. And 
then in step 940a, the control data is played back. It can 

45 thus be checked whether the stripes are recorded or not. 
If, in step 940b, the stripe presence/absence identifier 
is 0, the process proceeds to step 940t to initiate rotation 
phase control for normal playback with CLV. On the oth- 
er hand, if, in step 940b, the presence/absence identifier 

50 937 is 1, then the process proceeds to step 940h to 
check the presence or absence of a reverse-side record 
identifier 948 which indicates that the stripes are record- 
ed on the side opposite from the side being played back, 
that is, on the reverse side. If the stripes are recorded 

55 on the reverse side, the process proceeds to step 940i 
to play back the recording surface on the reverse side 
of the optical disk. If the reverse side cannot be auto- 
matically played back, an indication is output for display, 
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to urge the user to turn over the disk. If it is determined 
in step 940 h that the stripes are recorded on the side 
being played back, the process proceeds to step 940c, 
where the head is moved to the stripe area 923 in the 
inner portion of the disk, and in step 940d, the control 
mode is switched to rotational speed control to play back 
the stripes 923 with CAV rotation. If the playback is com- 
pleted in step 940e, then In step 940f the control mode 
is switched back to rotation phase control for CLV play- 
back and the optical head is moved to the outer portion 
of the disk to play back pit signal data. 
[0113] Since the stripe presence/absence identifier 
937 is recorded in the pit area holding the control data, 
etc., as described above, the second method has the 
effect of being able to play back the stripes more reliably 
and more quickly compared to the first playback method 
described with reference to Figure 31 . 
[01 1 4] When the PCA area is with tracking OFF, level 
of the noise signal which is generated by the pits drops. 
PCA signal level remains unchanged if tracking is set 
OFF. Therefore, in the filtered waveform shown in Figure 
35(b), the pit signal drops, making it easier to distinguish 
between the PCA signal and the pit signal. This has the 
effect of simplifying the circuitry and reducing the error 
rate. 

[0115] Furthermore, the provision of the stripe re- 
verse-side record identifier 948 makes it possible to 
identify that the stripes are recorded on the reverse side 
of the disk; the effect is that the barcode stripes can be 
played back reliably in the case of a double-sided DVD 
optical disk. According to the present invention, since 
the stripes are recorded penetrating through the reflec- 
tive films on both sides of a disk, the stripe pattern can 
also be read from the reverse side of the disk. The 
stripes can be played back from the reverse side of the 
disk by checking the stripe reverse-side identifier 948 
and by playing back the code in the reverse direction 
when reading the stripes. The present invention uses a 
bit string "01000110" as the synchronization code, as 
shown in Figure 34(a). When played back from the re- 
verse side, the synchronization code is played back as 
"01 1 0001 0°, from which it can be detected that the bar- 
code is being played back from the reverse side. In this 
case, by demodulating the code in reverse direction in 
the demodulator 942 in the playback apparatus of Fig- 
ure 15, the barcode recorded in penetrating fashion can 
be correctly played back even if played back from the 
reverse side of a double-sided disk. The playback ap- 
paratus of Figure 1 5 will be described in more detail lat- 
er. 

[0116] Further, if, as shown in Figure 30, a 300-p.m 
wide guard-band area 999, where only address infor- 
mation is recorded but no other data is recorded, is pro- 
vided between the PCA area 998 and the control data 
area 936, access to the control data can be made more 
stable. 

[01 17] The guard-band area 999 will be described in 
more detail below: 



[0118] When the optical head accesses the control 
data from the outer portion of the disk, the optical head 
moves inwardly jumping across a plurality of tracks until 
reaching the control data area 936. In some cases, the 

s optical head may be moved past the destination control 
data area 936, landing at a portion further inward of the 
control data area. At this time, if the PCA area 998 exists 
directly adjacent to the inner circumference of the con- 
trol data area, the optical head will lose its own position 

10 since an address cannot be played back in the PCA area 
998. It, then, becomes impossible to control the optical 
head. 

[0119] Accordingly, when the guard-band area with a 
width, for example, 300 \im, greaterthan one jump width 

13 of the optical head, is provided in the above-noted por- 
tion, if the optical head is moved past the control data 
area 936 the optical head will always land within the 
guard-band area. Then, by reading an address in the 
guard-band area, the optical head knows its own posi- 

20 tion and can thus be repositioned on the destination con- 
trol data area. In this way, the optical head can be con- 
trolled more reliably and more quickly. 
[0120] Further, as shown in Figure 30, the control data 
also contains an additional stripe data presence/ab- 

25 sence identifier and a stripe recording capacity. That is, 
after recording first stripes on an optical disk, additional 
stripes can be recorded in an empty, unrecorded portion 
of the area. The first recorded stripes will be referred to 
as the first set of stripes, and the additionally recorded 

30 stripes as the second set of stripes. With this configura- 
tion, when the first set of stripes 923 is already recorded 
by trimming, as shown in Figure 30, the capacity of the 
available space for trimming the second set of stripes 
938 can be calculated. Accordingly, when the recording 

35 apparatus of Figure 23 performs trimming to record the 
second, set of stripes, the control data provides an indi- 
cation of how much space is available for additional re- 
cording; this prevents the possibility of destroying the 
first set of stripes by recording more than 360° over the 

40 area. Furthermore, as shown in Figure 30, a gap 949 
longer than one pit-signal frame length is provided be- 
tween the first set of stripes 923 and the second set of 
stripes 938; this serves to prevent the previously record- 
ed trimming data from being destroyed. 

43 [0121] Moreover, as shown in Figure 34(b) to be de- 
scribed later, a trimming count identifier 947 is recorded 
in a synchronization code area. This identifier is used to 
distinguish between the first set of stripes and the sec- 
ond set of stripes. Without this identifier, discrimination 

so between the first set of stripes 923 and the second set 
of stripes 938 in Figure 30 would become impossible. 
[0122] Finally, the third playback method will be de- 
scribed with reference to Figure 40. 
[01 23] When the duty ratio of the stripe on the optical 

35 disk, that is, its area ratio, is low, almost correct tracking 
can be maintained in the stripe area, as shown in Figure 
32. Therefore, the address information in the address 
area 944 at the same radius position of the disk can be 
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played back. This has the effect of quickening the disk 
rise time after disk insertion since the address, can be 
played back while playing back the stripes without 
changing the optical head position. 
[0124] In this case, the address area, an area where 
no stripes are recorded, should be formed continuously 
along a length longerthan one frame in the same radium 
portion of the disk. 

[01 25] The operation steps for this method will be de- 
scribed with reference to Figure 40. 
[0126] When a disk is inserted, the optical head is 
moved to the inner circumferential portion in step 947a. 
If no tracking is achieved in step 947n, the tracking mode 
is switched from phase control to push-pull mode in step 
947p. In step 947b, rotational speed control (CAV con- 
trol) is performed to play back address information. If an 
address cannot be played back in step 947c, the proc- 
ess proceeds to step 947i to move the optical head in- 
ward to play back the PCA stripes. If an address can be 
played back from an empty portion of the PCA area (a 
portion not overwritten), the process proceeds to step 
947e where, based on the address, the optical head is 
moved in a radial direction to the address area where 
stripes are recorded. In step 947q, the presence or ab- 
sence of PCA stripes is checked. If it is judged that there 
are no PCA stripes, the process proceeds to step 947r 
to try to read a PCA flag in the control data. Then, in 
step 947s f the presence or absence of the PCA flag is 
checked. If the presence of the PCA flag is detected, the 
process returns to step 947c; otherwise, the process 
jumps to step 947m. 

[0127] On the other hand, if it is judged in step 947q 
that there are PCA stripes, the process proceeds to step 
947f to play back the PCA stripes. When the playback 
is completed in step 947g, then the mode is switched to 
rotation phase control and the optical head is moved to 
the outer area to play back a pit signal. In step 947t, the 
PCA flag in the control data is read; if there is no PCA 
flag, an error message is issued in step 947k, and the 
process returns to 947m to continue the process. 
[0128] (E) Next, manufacturing techniques for imple- 
menting the optical disk barcode forming method of the 
invention will be described in further detail. A barcode 
playback apparatus will also be described briefly. 
[0129] (a) First, manufacturing techniques for imple- 
menting the barcode recording method will be de- 
scribed. 

[0130] In the case of the barcode recording method 
previously explained with reference to Figure 28, the 
minimum emittlng-pulse spacing is It; therefore, a laser 
with a pulse repetition period of fC = 1/f L is required, 
where f L is the frequency of the laser. In this case, the 
number, f L /2, of barcode bars can be recorded per sec- 
ond. However, if a beam deflector 931 is used, as shown 
in Figure 29, a minimum emitting-pulse spacing of 2t is 
allowed, so that the pulse repetition period is f L = 1/2t, 
which means that the laser frequency can be reduced 
by a factor of 2. This also means that, when a laser of 



the same frequency is used, the number of barcode bars 
that can be recorded per second can be doubled to f L 
by using the beam deflector 931 . This has the effect of 
reducing the productive tact (processing tact) by a factor 

5 Of 2. 

[01 31 ] The operation of a double-efficiency apparatus 
(referred to as "switch recording") using the beam de- 
flector 931 will be described below with reference to Fig- 
ure 29, focusing on differences from the configuration 

io of Figure 28. 

[0132] The beam deflector 931 , formed from an acou- 
sto-optical modulator or the like, is supplied with a de- 
flection signal for switching the beam between a main 
beam 945 and a sub-beam 946; when the deflection sig- 

15 nal is ON, the beam is switched to the sub-beam 946 
which is passed through a sub-slit 932b and forms a 
sub-stripe 934. More specifically, for data "0" a normal 
stripe 933 is formed; only when recording data "1 " is the 
deflection signal set to ON, as shown in Figure 29(b), in 

20 response to which the beam deflector 931 switches the 
beam to the sub-beam 946 to record a stripe at the po- 
sition of the sub-stripe 934. In this manner, stripes 933a 
and 933b, each for "0", and a stripe 934a for "1", as 
shown in part (b), are formed on the disk. In this config- 

25 uration, since a laser pulse need only be produced at 
intervals of 2t, a laser with a frequency half that required 
in the configuration of Figure 28 can be used. In other 
words, when a laser of the same frequency is used, 
since the stripes can be formed at twice the clock fre- 

30 quency, this has the effect of increasing the productivity 
by a factor of 2, as already described. 
[01 33] Next, referring to the data structure of the syn- 
chronization code shown in Figure 34, a format suitable 
for the switch recording explained with reference to Fig- 

35 ure 29 will be described below. The synchronization 
code data structure also constitutes a technique for im- 
proving productivity. 

[0134] As shown in Figure 34(a), a fixed pattern of 
"01 000110" is used here. Conventionally, a bit string 
40 consisting of the same number of 0s and 1s, such as 
"01000111", is used, but the present invention deliber- 
ately avoids this and uses the illustrated data structure 
for the reason explained below. 

[01 35] First, to achieve the switch recording of Figure 
<5 29, provisions must be made so that two or more pulses 
will not occur within one time slot, that is, within 1T in- 
terval. Switch recording is possible in the data area be- 
cause data is recorded there with a PE-RZ code, as 
shown in Figure 33(a). However, in the case of the syn- 
50 chronization code of Figure 34(a), since irregular chan- 
nel bits are arranged, with the usual method two pulses 
may occur within 1T, in which case the switch recording 
of the invention is not possible. To address this problem, 
the invention employs, for example, the bit pattern 
55 "01 0001 10" as shown in Figure 37. With this bit pattern, 
in T1 a pulse occurs for the "1" on the right, in T2 no 
pulses occur, in T3 a pulse occurs for the "1" on the right, 
and in T4 a pulse occurs for the "1° on the left; in this 
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way, two or more pulses cannot occur within one time 
slot. Thus, the synchronization code structure of the in- 
vention has the effect of achieving switch recording, in- 
creasing the production rate by a factor of 2. 
[01 36] (b) Next, referring to Figure 1 5, a brief descrip- 
tion will be given of a playback apparatus for playing 
back the barcode recorded on an optical disk by the 
above method. The description will also touch on pro- 
ductivity increases. 

[0137] Figure 15 is a block diagram of the playback 
apparatus already described in (I). 
[01 38] In the first-half part (I), the apparatus has been 
described as an apparatus for reading the position of a 
marking formed on the reflective film of an optical disk, 
but hereinafter, the apparatus of Figure 15 will be de- 
scribed as a barcode reading apparatus, that is, a play- 
back apparatus. 

[0139] An explanation will be given again referring to 
Figure 15, this time focusing on the demodulation oper- 
ation. First, high-frequency components generated by 
pits are removed by a low-pass filter (LPF fitter) 94 from 
a stripe signal output. 

[01 40] In the case of a DVD, there is a possibility that 
a maximum 14T signal may be played back, where T = 
0.13 u.m. In this case, it has been confirmed by experi- 
ment, a stripe signal and a high-frequency component 
generated by a pit can be separated by using the sec- 
ond-order or third-order Chevihov low-pass filter shown 
in Figure 35(a). That is, the use of a second- or higher- 
order LPF has the effect of being able to separate a pit 
signal and a barcode signal, thus ensuring stable play- 
back of a barcode. Figure 35(b) shows the simulation 
waveform which is generated when the signal of the 
maximum 14T pit length is recorded continuously. 
[0141] In this way, by using the second- or higher-or- 
der LPF 943, the stripe playback signal can be output 
after substantially removing the pit playback signal; this 
ensures reliable demodulation of stripe signals. Howev- 
er, if the width of a stripe signal thus demodulated (the 
stripe signal width shown as 1 5 um in Figure 36(b)) is 
smaller than the sampling interval width tm (see Figure 
36(c)) of a microcomputer, the stripe signal may not be 
measured accurately. For example, of the stripe signals 
shown in Figure 36(b), the stripe signal on the left is lo- 
cated inside of the microcomputer sampling interval 
width, and therefore, is not detected. To avoid this, a 
stripe signal obtained by reading a stripe is waveshaped 
using a flip-flop circuit so that the signal width becomes 
greater than the microcomputer sampling interval width 
tm, as shown in Figure 36(d). Figure 36(d) shows a 
waveform after the stripe signal width was increased to 
a width Bw. The waveshaped signal is then detected 
with sampling pulses (see Figure 36(c)) from the micro- 
computer. This ensures accurate measurement of the 
stripe signal. 

[01 42] Referring back to Figure 1 5, a further descrip- 
tion will be given. Digital data is demodulated by the 
PE-RZ demodulator 942 in the above manner. The data 



is then fed to an ECC decoder 928 for error correction. 
That is, deinterleaving is performed In a deinterleaver 
928a, and Reed-Solomon code computation is per- 
formed in an RS decoder 928b for error correction. 
5 [0143] A brief description will now be given in relation 
to productive tact. 

[0144] Figure 33(a) shows the data structure after the 
barcode is ECC encoded according to the present em- 
bodiment. Figure 33(b) shows the data structure after 
10 ECC encoding when n = 1 according to the present em- 
bodiment. Figure 33(c) shows an ECC error-correction 
capability according to the present embodiment. 
[0145] In the present invention, the interleaving and 
Reed-Solomon error-correction coding shown in the da- 
's ta structure of Figure 33(a) are performed using the ECC 
encoder 927 shown in Figure 1 when recording stripes 
on an optical disk. With this error-correction method, a 
read error occurs in only one disk out of 1 0 7 = 1 0 million 
optical disks under the condition of that Byte error rate 
20 of 10" 4 occurs, as shown in Figure 33(c). In this data 
structure, to reduce the code data length the same sync 
code is assigned to four rows, reducing the number of 
sync codes by a factor of 4 and thus increasing efficien- 
cy. 

25 With further reference to Figure 33, the scalability of the 
data structure will be described. In the present invention, 
the recording capacity can be varied freely, for example, 
within a range of 12B (12 Byte) to 188B in increments 
of 16B, as shown in the example of Figure 34(c). That 

30 is, n can be changed within a range of n=1 to n=12, as 
shown in Figure 33(c). 

[01 46] As shown in Figure 33(b) and Figure 1 4(a), for 
example, in the data structure when n=1 , there are only 
four data rows 951 a, 951 b, 951 c, and 951 d, followed by 

35 ECC rows 952a, 952b, 952c, and 952d. Figure 14(a) is 
a diagram showing Figure 33(b) in further detail. The 
data row 951 constitutes EDC of 4B. Figure 14(b) shows 
this in an equivalent form. Error-correction encoding 
computation is performed, assuming that data rows 

40 from 951 e to 951 z all contain Os. Mathematical equa- 
tions for EDC and ECC computations are shown in Fig- 
ures 14(c) and 14(d), respectively. In this way, the data 
is ECC-encoded by the ECC encoder 927 in the record- 
ing apparatus of Figure 1 and recorded as a barcode on 

45 the disk. When n=1, data of 12B is recorded over an 
angle of 51 degrees on the disk. Likewise, when n=2, 
data of 1 8B can be recorded; when n=12, data of 271 B 
can be recorded over an angle of 336 degrees on the 
disk. In the present invention, by encoding and decoding 

50 the data using the EDC and ECC computation equations 
shown in Figures 14(c) and 14(d), when the data amount 
is smaller than 1 88B, the computation is performed as- 
suming all remaining bits are Os, so that the data is 
stored with a small recording capacity. This serves to 

55 shorten the productive tact. When performing laser trim- 
ming, as in the present invention, the above-described 
scalability has a significant meaning. More specifically, 
when performing laser trimming at a factory, it is impor- 
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tant to shorten the productive tact. With a slow-speed 
apparatus which trims one stripe at a time, it will take 
more than 1 0 seconds to record a few thousand stripes 
to the full capacity. The time required for disk production 
is 4 seconds per disk; if full-capacity recording has to be s 
done, the productive tact increases. On the other hand, 
for the moment, disk ID number will be a main applica- 
tion area of the present invention; in this application, the 
PCA area capacity can be as low as 1 0B. If 271 B are 
recorded when only 10B need to be written, the laser 10 
processing time will increase by a factor of 6, leading to 
a production cost increase. The scalability method of the 
present invention achieves reductions in production 
cost and time. 

[0147] In the playback apparatus shown in Figure 15, 15 
when n=1 as in Figure 33(b), for example, the ECC de- 
coder 928 performs the EDC and ECC error-correction 
computations shown in Figures 14(c) and 14(d), assum- 
ing that the data rows 951 e to 951 z all contain Os as 
shown in Figure 14(b); the effect of this is that data of 20 
1 2 to 271 B can be corrected for errors by using the same 
program. In this case, the number of program steps de- 
creases, permitting the use of a small-capacity ROM in 
the microcomputer. 

[01 48] Furthermore, the pulse width reproduced from 25 
each stripe width is made less than 1/2 of one pulse pe- 
riod, as shown in Figure 36. Since there are three dif- 
ference pulse spacings, 1T, 2T, and 3T, the ratio of the 
sum of all the stripe areas in one track to the total area 
of the track is less than 1/3. With this arrangement, in 30 
the case of a disk of standard reflectivity of 70% the re- 
flectivity of the stripe area is 2/3 of that, i.e., about 50%. 
Since this value is enough for focus control, the PCA 
area can be played back on a conventional ROM disk 
player. 35 
[0149] (F) Next, an example of the above-described 
barcode encryption (including digital signature) will be 
described with reference to drawings, followed by a de- 
scription of another application example of the barcode. 
[0150] (a) First, the barcode encryption process and 40 
playback process will be described by way of example 
with reference to Figure 45. 

[0151] As shown in Figure 45, an ID number 4504 
unique to each individual optical disk is generated by an 
ID generator 4502. At the same time, an ID signature 45 
section 4503 applies a digital signature to the ID number 
by using a specific secret key corresponding to a spe- 
cific public key, and the thus applied digital signature 
4505 and its associated ID number 4504 are sent to- 
gether as a series of data to a press factory 4501 .This so 
digital signature is applied to the ID number encrypted 
in an encryption encoder 4508 using a secret key of a 
public key encryption function. The public key corre- 
sponding to this secret key is sent to the press factory 
4501 . At the press factory 4501 , the ID number and its 55 
corresponding digital signature 4505 are recorded as a 
barcode in the PCA area of an optical disk 4506 by using 
a PCA writer 4507. The public key is prerecorded on the 



master disk, that is, in a pit portion of the disk. When the 
thus manufactured optical disk 4506 is loaded into a 
playback apparatus (player) 4509, the public key is read 
from the pit portion, and the ID number and the digital 
signature appended to it are read from the PCA area 
and decrypted with the public key. The result of the de- 
cryption is passed to a verification section 4511; if the 
digital signature data is found legitimate as the result of 
the verification, the playback operation of the optical 
disk is allowed to continue. If the digital signature data 
is found illegitimate as the result of the verification, the 
operation is stopped. Here, if the digital signature data 
is recorded in the PCA area together with the plaintext 
of the ID, the result of the decryption is checked against 
the plaintext of the ID to see if they match. If the digital 
signature data only is recorded in the PCA area, an error 
check is performed for verification. When the data is en- 
crypted with public key cipher, as described above, only 
the software manufacturer that has the secret key can 
issue a new ID number. Accordingly, if pirated disks 
were made, the encrypted ID of the same number would 
be recorded in the PCA area of every disk; therefore, 
the use of such pirated disks would be greatly limited. 
The reason is that, in such cases, the illegal use of the 
software having the same number can be prevented by 
applying network protection. Needless to say, the above 
method described with reference to Figure 45 can also 
be used in the Internet. 

[01 52] (b) Another application example of the barcode 
will be described with reference to Figure 46 as another 
mode of embodiment. 

[0153] This mode of embodiment is concerned with 
an example in which an encryption key to be used during 
communication is recorded as the above-described bar- 
code in the PCA area. 

[0154] As shown in Figure 46, a press factory 4601 
keeps each ID number and its corresponding encryption 
key, a public key of a public key encryption function, in 
the form of a table 4602. At the press factory 4601 , an 
ID number and its corresponding public key are record- 
ed in the PCA area 4605 of an optical disk 4604 by using 
a PCA writer 4603. 

[0155] Next, we will describe how the user who pur- 
chased the thus completed optical disk 4604 can play it 
back on his player. Consider, for example, a case in 
which he desires to watch movie software recorded on 
the optical disk. Before the user can play back the movie 
contained on the optical disk 4604, he has to arrange 
for payment to a system management center 461 0 and 
have a password issued to enable playback. 
[01 56] First, the user sets the optical disk 4604. With 
communication software run on a personal computer 
4606, the PCA area, etc. are played back and the public 
key is read out. When the user enters his credit card 
number and personal code number, an encryption en- 
coder 4607 encrypts the entered data with the public 
key, and the encrypted data is transmitted to the system 
management center 461 0 by using the communications 
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channel 4620. At the system management center 461 0, 
a communication section 4611 reads the ID number in 
plaintext from the received data, and decrypts the re- 
ceived data by retrieving a secret key corresponding to 
the ID number from an encryption key table 4612. 
That is, the system management center 461 0 keeps the 
encryption key table 4612 containing mapping informa- 
tion for each ID number and a secret key corresponding 
to the public key. Based on the user's credit card number 
and personal code number retrieved from the decrypted 
data, the system management center 461 0 charges the 
user, and at the same times, issues a password to the 
user. This password corresponds to the disk ID and us- 
er-specified movie or computer software contained on 
the disk 4604. Using the password thus issued, the user 
can play back the desired movie or install the desired 
computer software. 

[0157] Since the public key can be prerecorded as a 
barcode on the optical disk, this mode of embodiment 
has the effect of saving time and labor taken in a previ- 
ous system that required the system management cent- 
er to send the public key to the user separately. Further- 
more, even if the communication key (public key) is de- 
livered to a press factory where no particular security 
measures are implemented, security can be main- 
tained. Furthermore, since a different public key is used 
for each individual disk, if security of one particular disk, 
that is, one user, is broken, the security of other users 
can be protected. Furthermore, using different public 
keys for different disks has the effect of reducing the 
possibility of a third party placing an illegal order. If the 
communication public key were recorded on the master 
disk, it would not be possible to prevent a third party 
from placing an illegal order. In the example of Figure 
46, a public key is used as the communication key, but 
it will be appreciated that similar effects can be obtained 
if a secret key is used. In this case, however, the security 
level is a little lower than when a public key is used. 
Needless to say, the method described with reference 
to Figure 46 can also be used in the Internet. 
[01 58] Referring to Figure 22, we will now describe in 
detail a method of descrambling and decrypting data us- 
ing a password via the network described with reference 
to Figure 46. In the flowchart of Figure 22, first in step 
901 a the software on the disk checks the scramble iden- 
tifier to see if the identifier is ON. If the answer is NO, 
the process proceeds to step 901 b; if the software is not 
scrambled, the installation is allowed to continue. On the 
other hand, if the answer is YES, it is checked in step 
901b whether the software is scrambled or not; if YES, 
a connection is made to the personal computer network 
in step 901c, which is followed by step 901 d where the 
user enters the user ID and software ID. If, in step 901 c, 
there is a drive ID, then in step 901 f the drive ID data is 
transmitted to the password issuing center. After con- 
firming payment, in step 901 g the password issuing 
center performs encryption computation on the drive ID 
and software ID by using a sub secret key, and gener- 



ates a password which is transmitted to the user. The 
process then proceeds to step 901 h. The personal com- 
puter at the user end computes the password by a sub 
public key and compares it with the drive ID. If the result 

5 is OK, the process proceeds to step 901 n where the soft- 
ware scramble or encryption is unlocked. 
[01 59] Turning back to step 901 e, if the answer is NO, 
then in step 901 h it is checked whether there is a disk 
ID. If there is a disk ID, then in step 901 i the disk ID data 

10 is transmitted to the password issuing center. After con- 
firming payment, in step 901 j the password issuing cent- 
er performs encryption computation on the disk ID and 
software ID by using a sub secret key, and generates a 
password which is transmitted to the user. In step 901 m, 

is the personal computer at the user end computes the 
password by a sub public key and compares it with the 
drive ID. If the result is OK, the process proceeds to step 
901 n where the software scramble is unlocked. 
[0160] In this way, by communicating with the pass- 

20 word issuing center via the network by using a disk ID, 
the software scramble or encryption on the disk can be 
unlocked. In the case of the disk ID of the present in- 
vention, since the ID varies from disk to disk, the pass- 
word is also different; this has the effect of enhancing 

25 security. In Figure 22, ciphertext communication is omit- 
ted, but by encrypting data using a public key recorded 
in the PCA area, such as shown in Figure 46, during the 
communication performed in steps 901 i and 901 j, data 
security during communication can be further en- 

30 hanced. This has the effect of ensuring safe transmis- 
sion of personal billing information via a communication 
means such as the Internet where the security level is 
low. 

[01 61 ] We will finish here the descriptions of the f irst- 
35 half part (I) and the second-half part (II), and now pro- 
ceed to a description of appertaining matters relating to 
the process from optical disk manufacturing to the play- 
back operation of the player. 

[0162] (A) A low reflectivity portion address table, 
40 which is a position information list for the low reflectivity 
portion, will be explained. 

[01 63] (a) Laser markings are formed at random in the 
anti-piracy mark formation process at the factory. No la- 
ser markings formed in this manner can be identical in 

45 physical feature. In the next process step, the low re- 
flectivity portion 584 formed on each disk is measured 
with a resolution of 0.13 um in the case of a DVD, to 
construct a tow reflectivity portion address table 609 as 
shown in Figure 13(a). Here, Figure 13(a) is a diagram 

so showing a low reflectivity portion address table, etc. for 
a legitimate CD manufactured in accordance with the 
present embodiment, and Figure 13(b) is concerned 
with an illegally duplicated CD. The low reflectivity por- 
tion address table 609 is encrypted using a one-direc- 

55 tion function such as the one shown in Figure 18, and 
in the second reflective-layer forming step, a series of 
low reflectivity portions 584c to 584e, where the reflec- 
tive layer is removed, is recorded in a barcode-like pat- 
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tern on the innermost portion of the disk, as shown in 
Figure 2. Figure 18 is a flowchart illustrating a disk check 
procedure by the one-way function used for the encryp- 
tion. As shown in Figure 13, the legitimate CD and the 
illegally duplicated CD have the low reflectivity portion 
address tables 609 and 609x, respectively, which are 
substantially different from each other. One factor result- 
ing in this difference is that laser markings identical in 
physical feature cannot be made, as earlier noted. An- 
other factor is that the sector address preassigned to 
the disk is different if the master disk is different. 
[0164] Referring now to Figure 13, we will describe 
how the marking position information differs between 
the legitimate disk and pirated disk. The figure shows 
an example in which the above two factors are com- 
bined. In the example shown, two markings are formed 
on one disk. In the case of the legitimate CD, the first 
marking of mark number 1 is located at the 262nd clock 
position from the start point of the sector of logical ad- 
dress A1 , as shown in the address table 609. In the case 
of a DVD, one clock is equivalent to 0.13 prn, and the 
measurement is made with this accuracy. On the other 
hand, in the case of the pirated CD, the first marking is 
located at the 81 st clock position in the sector of address 
A2, as shown in the address table 609x. By detecting 
this difference of the first marking position between the 
legitimate disk and pirated disk, the pirated disk can be 
distinguished. Likewise, the position of the second 
marking is also different. To make the position informa- 
tion match that of the legitimate disk, the reflective film 
at the 262nd position in the sector of address A1 must 
be formed with an accuracy of one clock unit, i.e., 0.13 
pm; otherwise, the pirated disk cannot be run. 
[01 65] In the example of Figure 1 6, the legitimate disk 
and illegally duplicated disk have low reflectivity portion 
address tables 609 and 609x respectively, where values 
are different as shown in Figure 17. In the case of the 
legitimate disk, in the track following the mark 1 the start 
and end positions are m+14 and m+267, respectively, 
as shown in Figure 1 6(8), whereas in the case of the 
illegally duplicated disk these are m+24 and m+277, re- 
spectively, as shown in Figure 1 6(9). Therefore, the cor- 
responding values in the low reflectivity portion address 
tables 609 and 609x are different, as shown in Figure 
1 7, thus making it possible to distinguish the duplicated 
disk. If an illegal manufacturer desires to make a copy 
of the disk having the low reflectivity portion address ta- 
ble 609, they will have to perform a precise laser trim- 
ming operation with the resolution of the reproduced 
clock signal as shown in Figure 16(8). 
[0166] As shown in Figure 20(5) showing the wave- 
form of a PLL reproduced clock signal out of reproduced 
optical signals, in the case of a DVD disk the period T 
of one reproduced clock pulse, when converted to a dis- 
tance on the disk, that is, one pulse spacing on the disk, 
is 0.13 nm. 

Accordingly, to make an illegal copy, the reflective film 
will have to be removed with a submicron resolution of 



0.1 urn. It is true that when an optical head designed for 
an optical disk is used, a recording can be made on a 
recording film such as a CD-R with a submicron resolu- 
tion. But in this case, the reproduced waveform will be 
s as shown in Figure 9(c), and the distinct waveform 824 
as shown in Figure 9(a) cannot be obtained unless the 
reflective film is removed. 

[01 67] (b) A first method of achieving mass production 
of pirated disks by removing the reflective film may be 

10 by laser trimming using a high output laser such as a 
YAG laser. At the present state of technology, even the 
most highly accurate machining laser trimming can only 
achieve a processing accuracy of a few microns. In the 
laser trimming for semiconductor mask corrections, it is 

is said that 1 \im is the limit of the processing accuracy. 
This means that it is difficult to achieve a processing ac- 
curacy of 0.1 jxm at the mass production level. 
[0168] (c) As a second method, X-ray exposure 
equipment for processing semiconductor masks for VL- 

20 sis and ion beam processing equipment are known at 
the present time as equipment that can achieve a 
processing accuracy of the order of submicrons, but 
such equipment is very expensive and furthermore, it 
takes much time to process one piece of disk, and if 

25 each disk were processed using such equipment, the 
cost per disk would be very high. At the present time, 
therefore, the cost would become higher than the retail 
price of most legitimate disks, so that making pirated 
disks would not pay and meaningless. 

30 [0169] (d) As described above, with the first method 
that involves laser trimming, it is difficult to process with 
a submicron accuracy, and therefore, it is difficult to 
mass produce pirated disks. On the other hand, with the 
second method using the submicron processing tech- 

35 nology such as X-ray exposure, the cost per disk is so 
high that making pirated disks is meaningless from an 
economic point of view. Accordingly, making illegal cop- 
ies can be prevented until some day in the future when 
low-cost submicron processing technology for mass 

40 production becomes practical. Since practical imple- 
mentation of such technology will be many years into 
the future, production of pirated disks can be prevented. 
In the case of a two- layer disk with a low reflectivity por- 
tion formed on each layer as shown in Figure 33, an il- 

45 legally duplicated disk cannot be manufactured unless 
the pits on top and bottom are aligned with good accu- 
racy when laminating, and this enhances the effective- 
ness in preventing piracy. 

[0170] (B) Next, we will describe how the arrange- 
so ment angle of the low reflectivity portion on the disk can 
be specified. 

[0171] In the present invention, sufficient effective- 
ness in piracy prevention is provided by the reflective 
layer level mechanism, that is, by the low reflective 
55 marking alone. 

In this case, the prevention is effective even if the master 
disk is a duplicate. 

However, the effectiveness can be enhanced by com- 
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bining it with the piracy prevention technique at the mas- 
ter disk level. If the arrangement angle of the low reflec- 
tivity portion on the disk is specified as shown in Table 
532a and Table 609 in Figure 13(a), an illegal manufac- 
turer would have to accurately duplicate even the ar- 
rangement angle of each pit on the master disk. This 
would increase the cost of pirated disks and hence en- 
hance the capability to deter piracy. 
[01 72] (C) A further description will be given of the op- 
eration of reading the nonreflective optical marking por- 
tion of the two-disk laminated optical disk, focusing on 
points that were not touched on in the foregoing descrip- 
tion of the operating principle. 

[0173] That is, as shown in Figure 1 6, the start posi- 
tion address number, frame number, and clock number 
can be measured accurately with a resolution of 1 T unit, 
that is, with a resolution of 0.13 u,m in the case of the 
DVD standard, by using a conventional player, thereby 
to accurately measure the optical mark of the present 
invention. Figures 20 and 21 show the optical mark ad- 
dress reading method of Figure 16. Explanation of sig- 
nals (1), (2), (3), (4), and (5) in Figures 20 and 21 will 
not be given here since the operating principle is the 
same as that shown in Figure 16. 
[0174] The correspondence between Figure 16, 
which illustrates the principle of the detection operation 
for detecting the position of a low reflectivity portion on 
a CD, and Figures 20 and 21 , which are concerned with 
a DVD, is given below. 

[0175] Figure 1 6(5) corresponds to Figures 20(1 ) and 
21(1). The reproduced clock signal in Figure 16(6) cor- 
responds to that shown in Figures 20(5) and 21 (5). Ad- 
dress 603 in Figure 1 6(7) corresponds to that shown in 
Figures 20(2) and 21 (2). 

[01 76] Frame synch 604 in Figure 1 6(7) corresponds 
to that shown in Figures 20(4) and 21 (4). Starting clock 
number 605a in Figure 1 6(8) corresponds to reproduced 
channel clock number in Figure 20(6). Instead of the end 
clock number 606 in Figure 16(7), in Figures 20(7) and 
21(7) data is compressed using a 6-bit marking length. 
[01 77] As illustrated, the detection operation is funda- 
mentally the same between CD and DVD. A first differ- 
ence is that a 1 -bit-mark layer identifier 603a as shown 
in Figure 20(7) is included for identifying whether the 
low reflectivity portion is of the one-layer type or two- 
layer type. The two-layer DVD structure provides a 
greater anti-piracy effect, as previously described. A 
second difference is that since the line recording density 
is nearly two times as high, 1 T of the reproduced clock 
is as short as 0.13 ujti, which increases the resolution 
for the detection of the position information and thus pro- 
vides a greater anti-piracy effect. 
[0178] Shown in Figure 20 is the signal from the first 
layer in a two-layer optical disk having two reflective lay- 
ers. The signal (1) shows the condition when the start 
position of an optical mark on the first layer is detected. 
Figure 21 shows the condition of the signal from the sec- 
ond layer. 



[0179] To read the second layer, a first/second layer 
switching section 827 in Figure 1 5 sends a switching sig- 
nal to a focus control section 828 which then controls a 
focus driving section 829 to switch the focus from the 

5 first layer to the second layer. From Figure 20, it is found 
that the mark is in address (n) , and by counting theframe 
synchronizing signal (4) using a counter, it is found that 
the mark is in frame 4. From signal (5), the PLL repro- 
duced clock number is found, and the optical marking 

w position data as shown by the signal (6) is obtained. Us- 
ing this position data, the optical mark can be measured 
with a resolution of 0.1 3 p,m on a conventional consumer 
DVD player. 

[0180] (D) Additional matters relating to the two-disk 

15 laminated optical disk will be further described below. 
[0181] Figure 21 shows address position information 
pertaining to the optical marking formed on the second 
layer. Since laser light penetrates the first and second 
layers through the same hole, as shown in the process 

20 step (6) in Figure 7, the nonreflective portion 81 5 formed 
on the first reflective layer 802 and the nonreflective por- 
tion B26 formed on the second reflective layer 825 are 
identical in shape. This is depicted in the perspective 
view of Figure 47. In the present invention, after the 

25 transparent substrate 801 and the second substrate 803 
are laminated together, laser light is applied penetrating 
through to the second layer to form an identical mark 
thereon. In this case, since coordinate arrangements of 
pits are different between the first and second layers, 

30 and since the positional relationship between the first 
and second layers is random when laminating them to- 
gether, the pit positions where the mark is formed are 
different between the first and second layers, and en- 
tirely different position information is obtained from each 

35 layer. These two kinds of position information are en- 
crypted to produce an anti-piracy disk. If it is attempted 
to duplicate this disk illegally, the optical marks on the 
two layers would have to be aligned with a resolution of 
about 0.13 ujti. As previously described, at the present 

40 state of technology it is not possible to duplicate the disk 
by aligning the optical marks with the pits with an accu- 
racy of 0.1 3 u/n, that is, with an accuracy of the order of 
0.1 u.m, but there is a possibility that mass production 
technology may be commercially implemented in the fu- 

45 ture that enables large quantities of single-layer disks 
to be trimmed with a processing accuracy of 0.1 urn at 
low cost. Even in that case, since the top and bottom 
disks are trimmed simultaneously in the case of the two- 
layer laminated disk 800, the two disks must be laminat- 

50 ed together "with the pit locations and optical marks 
aligned with an accuracy of a few microns. However, it 
is next to impossible to laminate the disks with this ac- 
curacy because of the temperature coefficient, etc. of 
the polycarbonate substrate. When optical marks were 

55 formed by applying laser light penetrating through the 
two-layer disk 800, the resulting anti-piracy mark is ex- 
tremely difficult to duplicate. This provides a greater an- 
ti-piracy effect. The optical disk with an anti-piracy 
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mechanism is thus completed. For piracy prevention ap- 
plications, in cases where the disk process and laser cut 
process are inseparable as In the case of the single- 
plate type, the encryption process, which is an integral 
part of the laser cut process, and processing involving s 
a secret encryption key have to be performed at the disk 
manufacturing factory. This means that in the case of 
the single-plate type the secret encryption key main- 
tained in the software company have to be delivered to 
the disk manufacturing factory. This greatly reduces the 10 
security of encryption. On the other hand, according to 
the method involving laser processing of laminated 
disks, which constitutes one aspect of the invention, the 
laser trimming process can be completely separated 
from the disk manufacturing process. Therefore, laser 15 
trimming and encryption operations can be performed 
at a factory of the software maker. Since the secret en- 
cryption key that the software maker keeps need not be 
delivered to the disk manufacturing factory, the secret 
key for encryption can be kept in the safe custody of the 20 
software maker. This greatly increases the security of 
encryption. 

[0182] (E) As described above, in the present inven- 
tion, a legitimate manufacturer can make a legitimate 
disk by processing the disk using a general-purpose la- 25 
ser trimming apparatus having a processing accuracy 
of several tens of microns. Though a measuring accu- 
racy of 0.13 urn is required, this can be achieved by con- 
ventional circuitry contained in a consumer DVD player. 
By encrypting the measured result with a secret encryp- 30 
tion key, a legitimate disk can be manufactured. That is, 
the legitimate manufacturer need only have a secret key 
and a measuring apparatus with a measuring accuracy 
of 0.13 jim, while the required processing accuracy is 
two or three orders of magnitude lower, that is, several 35 
tens of microns. This means that a convectional laser 
processing apparatus can be used. On the other hand, 
an illegal manufacturer, who does not have a secret key, 
will have to directly copy the encrypted information re- 
corded on the legitimate disk. This means that a physical 40 
mark corresponding to the encrypted position informa- 
tion, that is, the position information on the legitimate 
disk, must be formed with a processing accuracy of 0.13 
fim. That is, the low reflective mark has to be formed 
using a processing apparatus having a processing ac- 45 
curacy two orders of magnitude higher than that of the 
processing apparatus used by the legitimate manufac- 
turer. Volume production with an accuracy higher by two 
orders of magnitude, i.e., with an accuracy of 0.1 ujti, is 
difficult both technically and economically, even in the so 
foreseeable future. This means that production of pirat- 
ed disks can be prevented during the life of the DVD 
standard. One point of the invention is to exploit the fact 
that the measuring accuracy is generally a few orders 
of magnitude higher than the processing accuracy. ss 
[0183] In the case of CLV, the above method exploits 
the fact that the address coordinate arrangement differs 
from one master disk to another, as previously noted. 



Figure 4 8 shows the result of the measurement of ad- 
dress locations on . actual CDs. Generally, there are two 
types of master disk, one recorded by rotating a motor 
at a constant rotational speed, i.e., with a constant an- 
gular velocity (CAV), and the other recorded by rotating 
a disk with a constant linear velocity (CLV). In the case 
of a CAV disk, since a logical address is located on a 
predetermined angular position on the disk, the logical 
address and its physical angular position on the disk are 
exactly the same no matter how many master disks are 
made. On the other hand, in the case of a CLV disk, 
since only the linear velocity is controlled, the angular 
position of the logical address on the master disk is ran- 
dom. As can be seen from the result of the measurement 
of logical address locations on actual CDs in Figure 48, 
the tracking pitch, start point, and linear velocity vary 
slightly from disk to disk even if exactly the same data 
is recorded using the same mastering apparatus, and 
these errors accumulate, resulting in different physical 
locations. In Figure 48, the locations of each logical ad- 
dress on a first master disk are indicated by white cir- 
cles, and the locations on second and third master disks 
are indicated by black circles and triangles, respectively. 
As can be seen, the physical locations of the logical ad- 
dresses vary each time the master disk is made. Figure 
17 shows the low reflectivity portion address tables for 
a legitimate disk and an illegally duplicated disk for com- 
parison. 

[01 84] The method of piracy prevention at the master 
disk level has been described above. This is, when mas- 
ter disks of CLV recording, such as a CD or DVD, are 
made from the same logic data by using a mastering 
apparatus, as shown in Figure 4 8, the physical location 
of each pit on the disk varies between master disks, that 
is, between the legitimate disk and pirated disk. This 
method distinguishes a pirated disk from a legitimate 
disk by taking advantage of this characteristic. The pi- 
racy prevention technology at the master disk level can 
prevent pirated disks at the logic level made by simply 
copying data only from the legitimate disk. However, re- 
cent years have seen the emergence of pirate manufac- 
turers equipped with more advanced technologies, who 
can make a master disk replica identical in physical fea- 
ture to a legitimate disk by melting the polycarbonate 
substrate of the legitimate disk. In this case, the piracy 
prevention method at the master disk level is defeated. 
To prevent this new threat of pirated disk production, the 
present invention has devised the piracy prevention 
method at the reflective layer level wherein a marking is 
formed on a reflective film. 

[01 85] According to the method of the present inven- 
tion, the marking is formed on each disk pressed from 
a master disk, even if disks are pressed from the master 
disk, by removing a portion of the reflective film in the 
reflective film formation process. As a result, the position 
and shape of the resulting low reflective marking is dif- 
ferent from one disk to another. In a usual process, it is 
next to impossible to partially remove the reflective film 
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with an accuracy of submicrons. This serves to enhance 
the effectiveness in preventing duplication since dupli- 
cating the disk of the invention does not justify the cost. 
[01 86] Figure 1 9 shows a flowchart for detecting a du- 
plicated CD by using the low reflectivity portion address 
table. The. delay time needed to detect the optical mark 
varies only slightly due to the optical head and circuit 
designs of the reproduction apparatus used. This of the 
delay time TD circuit can be predicted at the design 
stage or at the time of mass production. The optical mark 
position information is obtained by measuring the 
number of clocks, that is, the time, from the frame syn- 
chronizing signal. Due to the effect of the circuit delay 
time, an error may be caused to detected data of the 
optical mark position information. As a result, a legiti- 
mate disk may be erroneously judged as being a pirated 
disk, inconveniencing a legitimate user. A measure to 
reduce the effect of the circuit delay time TD will be de- 
scribed below. Further, a scratch made on a disk after 
purchase may cause an interruption in the reproduced 
clock signal, causing an error of a few clocks in the 
measurement of the optical marie position information. 
To address this problem, a tolerance 866 and a pass 
count 867, shown in Figure 20, are recorded on a disk, 
and while allowing a certain degree of tolerance on the 
measured value according to the actual situation at the 
time of reproduction, the reproduction operation is per- 
mitted when the pass count 867 is reached; the margin 
allowed for an error due to a surface scratch on the disk 
can be controlled by the copyright owner prior to the 
shipment of the disk. This will be described with refer- 
ence to Figure 19. 

[0187] In Figure 19, the disk is reproduced in step 
865a to recover the encrypted position information from 
the barcode recording portion or pit recording portion of 
the present invention. In step 865b, decryption or signa- 
ture verification is performed, and in step 865c, a list of 
optical mark position information is recovered. Next, if 
the delay time TD of a reproduction circuit is stored in 
the circuit delay time storing section 608a in the repro- 
duction apparatus of Figure 15, TD is read out in step 
865h and the process proceeds to step 865x. If TD is 
not stored in the reproduction apparatus, or if a meas- 
urement instruction is recorded on the disk, the process 
proceeds to step 865d to enter a reference delay time 
measurement routine. When address Ns-1 is detected, 
the start position of the next address Ns is found. The 
frame synchronizing signal and the reproduced clock 
are counted, and in step 865f , the reference optical mark 
is detected. In step 865g; the circuit delay time TD is 
measured and stored. This operation is the same as the 
operation to be described later with reference to Figure 
16(7). In step 865x, the optical mark located inside ad- 
dress Nm is measured. In steps 865i, 865j, 865k, and 
865m, the optical mark position information is detected 
with a resolution of one clock unit, as in steps 865d, 
865y, 865f, and 865y. Next, in step 865n, a pirated disk 
detection routine is entered. First, the circuit delay time 



TD is corrected. In step 865p, the tolerance 866, i.e., tA, 
and pass count 867 recorded on the disk, as shown in 
Figure 20, are read to check whether or not the position 
information measured in step 865g falls within the toler- 
s ance tA. If the result is OK in step 865r, then in step 865s 
it is checked whether the checked mark count has 
reached the pass count. If the result is OK, then in step 
865u the disk is judged as being a legitimate disk and 
reproduction is permitted. If the pass count is not 
10 reached yet, the process returns to step 865z. If the re- 
sult is NO in step 865r, then it is checked in step 865f 
whether the error detection count is smaller than NA, 
and only when the result is OK, the process returns to 
step 865s. If it is not OK, then in step 865v the disk is 
15 judged as being an illegal disk and the operation is 
stopped. 

[0188] As described, since the circuit delay time TD 
of the reproduction apparatus is stored in the IC ROM, 
optical mark position information can be obtained with 
increased accuracy. Furthermore, by setting the toler- 
ance 866 and pass count for the software on each disk, 
the criteria for pirated disk detection can be changed ac- 
cording to the actual condition to allow for a scratch 
made on the disk after purchase. This has the effect of 
reducing the probability of a legitimate disk being erro- 
neously judged as an illegal disk. 
[0189] As described in the above mode of embodi- 
ment, the piracy prevention method at the reflective lay- 
er level forms a physical mark in the pre-pit area of the 
reflective film on the disk, instead of the previously prac- 
ticed physical marking at the master disk level. Pirated 
disk production can thus be prevented even if the disk 
is duplicated at the master disk level. 
[0190] In the above mode of embodiment, a new op- 
tical-disk recording means was used that performs sec- 
ondary recording on a two-disk laminated optical disk 
by using a laser. In the first step, physical marks were 
randomly formed, and in the second step, the physical 
marks were measured with a measuring accuracy as 
high as 0.13 u/n. In the third step, their position informa- 
tion was encrypted and, using the secondary recording 
means, the encrypted information was recorded as a 
barcode on the optical disk with an accuracy of several 
tens of microns which was the usual processing accu- 
racy. In this way, optical mark position information was 
obtained with an accuracy of, for example, 0.1 u,m, much 
higher than the processing accuracy of a conventional 
apparatus. Since such optical marks cannot be formed 
with the accuracy of 0.1 jim by using commercially avail- 
able equipment, production of pirated disks can be pre- 
vented. 

[01 91 ] In the above mode of embodiment, the position 
information of the anti-piracy mark of the invention, 
which differs from one disk to another, was used as a 
disk identifier. The position information and the disk se- 
rial number, i.e., the disk ID, were combined together 
and encrypted with a digital signature; the thus encrypt- 
ed information was converted into a barcode and written 
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in overwriting fashion to the prescribed region of the pre- 
pit area, thus appending an unalterable disk ID to each 
disk. Since each completed disk has a different ID, the 
password is also different. The password for one disk 
does not work on other disks. This enhances password 
security. Furthermore, using the secondary recording 
technique of the invention, the password is secondary- 
recorded on the disk, permanently making the disk an 
operable disk. 

[01 92] The first-half part (I) has dealt mainly with one 
application mode of the barcode in which the barcode 
is used for a pirated-disk prevention method, in this 
case, as shown in Figure 2, the barcode (stripes) 584c 
- 584e are written over the prescribed region (stripe ar- 
ea) of the pre-pit area; therefore, the tracking is dis- 
turbed in that prescribed region. If a marking 584 by la- 
ser light is formed in the prescribed region where the 
barcode, 584c - 584e, is recorded, as shown in Figure 
2, it becomes difficult to accurately measure the ad- 
dress/clock position of the marking. To avoid this prob- 
lem, if, as shown in Figure 39, the marking 941 is formed 
in a pit area 941 a at a radius position different from the 
radius position of the stripe area 923a, the position of 
the marking 941 can be measured stably with an accu- 
racy of one clock, as shown in Figure 20(5). This has 
the effect of being able to identify pirated disks more sta- 
bly. 

[0193] In this case, by forming a pinhole marking de- 
stroying only a few tracks, as shown in Figure 39, not 
only errors can be minimized but piracy prevention can 
be accomplished within the scope of the current stand- 
ard. 

[0194] Alternatively, the marking 941 may be record- 
ed in the guard-band area 999 shown in Figure 30. Since 
the guard-band area 999 contains no data but address 
information, this has the effect of avoiding destroying al- 
ready recorded data by recording the marking 941 . 
[01 95] The optical disk of the invention has a structure 
such that a reflective film is sandwiched directly or indi- 
rectly between two members resistant to laser light and 
a marking is formed by laser on the reflective film. The 
above mode of embodiment has dealt with examples in 
which this structure is used for secondary recording of 
a barcode, etc. and a piracy prevention technique, but 
it will be appreciated that such a structure may also be 
applied to other techniques. In the above mode of em- 
bodiment, the optical disk of the invention has been de- 
scribed as being fabricated by laminating two substrates 
with an adhesive layer interposed therebetween. How- 
ever, the adhesive layer may be omitted, or instead, a 
member made of a different material, such as a protec- 
tive layer, may be used; that is, any suitable structure 
may be used as long as the reflective film is sandwiched 
directly or indirectly between two members resistant to 
laser light. Furthermore, in the above mode of embodi- 
ment, the optical disk of the invention has been de- 
scribed as comprising substrates as the members that 
are laminated together, but other members such as pro- 



tective layers may be used; that is, any member that has 
resistance to laser light may be used. 
[0196] As described, according to the present inven- 
tion, since an ID unique to each individual disk, for ex- 
5 ample, is converted into a barcode and written in over- 
writing fashion to an ordinary pit area, both the pit data 
and barcode data can be read by using the same optical 
pickup. This has the effect of simplifying the construction 
of the playback apparatus, for example. 
10 [0197] Furthermore, by barcod in g the marking posi- 
tion information for use as a disk-unique ID, the inven- 
tion provides a greatty improved pirated-disk and other 
illegal duplication prevention capability as compared to 
the prior art. A piracy prevention technique of the prior 
15 art, for example, employed a method that deliberately 
arranged pits in serpentine fashion when making a disk 
mold. Such a prior art method is not effective in piracy 
prevention, since a pirated disk can be easily made by 
exactly replicating the mold shape from a legitimate op- 
tical disk. On the other hand, according to the present 
invention, since the marking is formed on the reflective 
film by a laser and its position information is coded as a 
barcode, as described above, the contents of them can- 
not be made to coincide when making an illegal dupli- 
cation. The above-described effect is thus accom- 
plished. 

INDUSTRIAL UTILIZATION POSSIBILITY 

[0198] As described above for example the optical 
disk of the present invention is such optical disk on 
which data is recorded with CLV, wherein, in a pre- 
scribed region of a pre-pit signal area on said disk, all 
or part of a barcode is written in overwriting fashion by 
selectively removing a reflective film in said prescribed 
region, and when playing back the disk by a reproduc- 
tion apparatus, the barcode data can be played back 
using the same optical pickup. 



Claims 

1. An optical disk barcode forming method wherein 
pulsed laser light modulated from a light source is 
focused on a reflective film in a prescribed radius 
portion of an optical disk (9102), and at the same 
time said optical disk (9102) is rotated, thereby 
forming a plurality of rectangular stripes of a bar- 
code (9104) in the same radius portion on said re- 
flective film, 
characterised in that 

said pulsed laser light is shaped into a rectangular 
beam pattern by using a rectangular mask; 
said rectangular beam pattern is focused on a pre- 
pit signal region of the disk on which data is record- 
ed; and 

the plurality of rectangular barcodes (91 04) repre- 
sents information concerning the position of a mark- 
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ing (9103) formed on the disk (9102). 

An optical disk barcode forming method according 
to claim 1 , characterised in that said optical disk 
includes a control data area for holding therein s 
physical feature information concerning said optical 
disk, and an identifier (937) for indicating the pres- 
ence or absence of said barcode is recorded in said 
control data area. 

10 

An optical disk barcode forming method according 
to claim 1 or 2, characterised In that a width of a 
mark of said barcode is formed half or less, than a 
period of the marks of the barcode by recording on 
the reflective film in a pre-pit signal region such data '5 
which are generated by RZ-modulating a data gen- 
erated by PE-modulating data which are to be made 
as said barcode. 

An optical disk barcode forming method according 20 
to one of claims 1 to 3, characterised In that said 
optical disk is constructed from two disk-substrates 
laminated together. 

A marking forming apparatus comprising: 25 

marking forming means for applying a marking 
(91 03) on a reflective film which is formed on a 
disk (9102) and has a recording information; 

30 

marking position detecting means for detecting 
a position of said marking (9103); and 

position information writing means (912,914) 
for converting at least said detected position in- 35 
formation or information concerning said posi- 
tion information into a barcode (9104), wherein 



7. A marking forming means according to claim 5 or 
6, characterised in that said position information 
writing means includes encrypting means for en- 
crypting at least said detected position information 
or information concerning said position information, 
and writes contents thus encrypted to said disk. 

8. A marking forming apparatus according to one of 
claims 5 to 7, characterised in that said position 
information writing means includes digital signature 
means for applying a digital signature to at least 
said detected position information or information 
concerning said position information, and 

the writing at least said detected position informa- 
tion or information concerning said position infor- 
mation means writing information concerning a re- 
sult of said digital signature application to said disk. 

9. A marking forming apparatus according to one of 
claims 5 to 8, characterised in that a width of a 
mark of said barcode is formed half or less than a 
period of the marks of the barcode by recording on 
the reflective film in a pre-pit signal region such data 
which are generated by RZ-modulating a data gen- 
erated by PE-modulating data which are to be made 
as said barcode. 

10. A method of manufacturing a disk, comprising the 
steps of: 

forming at least one disk (81 8e, 81 8g); 

forming a reflective film to said formed disk 
(818f, 818h); 

applying at least one marking to said reflective 
film (819a); 



pulsed laser light modulated from a light source 
(912) is shaped into a rectangular beam pattern 40 
by using a rectangular mask (91 8), 

said rectangular beam pattern is focused on a 
reflective film in a pre-pit signal region in a pre- 
scribed radius portion of said optical disk on 45 
which data is recorded, and at the same time, 
said optical disk is rotated, thereby forming a 
plurality of rectangular stripes of said barcode 
(9104) in the same radius portion on said re- 
flective film, and so 

all or part of said barcode (91 04) is written in 
overwriting fashion to a prescribed region of a 
signal recorded area on said optical disk. 

55 

A marking forming apparatus according to claim 5, 
characterised In that said disk is constructed from 
two disk-substrates laminated together 



detecting at least one position of said marking 
(819b); and 

encrypting said detected position information 
(819c) and writing said encrypted information 
onto said disk (819d), 

wherein, when encrypting and writing, at least said 
encrypted information is converted into a barcode, 
and a method according to one of claims 1 to 4 is 
performed, and 

wherein all or part of said barcode is written in over- 
writing fashion to a prescribed region of a pre-pit 
signal area on said disk. 

11. A method of manufacturing a disk, comprising the 
steps of: 

forming at least one disk (81 8e, 81 8g); 



25 



49 

forming a reflective film to said formed disk 
(818f,818h); 

applying at least one marking to said reflective 
film (819a); s 

detecting at least one position of said marking 
(819b); and 

applying a digital signature to said detected po- 10 
sition information and writing onto said disk 
(81 9d), 

wherein, when applying said digital signature and 
writing, at least a result of said digital signature is 15 
converted into a barcode, and a method according 
to one of claims 1 to 4 is performed, and 
wherein all or part of said barcode being written in 
overwriting fashion to a prescribed region of a pre- 
pit signal area on said disk. 20 

12. A method of manufacturing a disk according to 
claims 10 or 11 , characterised in that said optical 
disk includes a control data area for holding therein 
physical feature information concerning said optical 25 
disk, and an identifier (937) for indicating the pres- 
ence or absence of said barcode is recorded in said 
control data area. 

13. A method of manufacturing a disk according to 30 
claims 1 0 or 1 1 , characterised in that a width of a 
mark of said barcode is formed half or less than a 
period of the marks of the barcode by recording on 

the reflective film in a pre-pit signal region such data 
which are generated by RZ-modulating a data gen- 35 
erated by PE-modulating data which are to be made 
as said barcode. 



Patentansp ruche 40 

1 . Verfahren zur Herstellung von Strichcoden auf op- 
tischen Platten, wobei ein gepulstes Laserlicht, mo- 
duliert von einer Lichtquelle, auf einen reflektiven 
Film in einem vorgeschriebenen Umfangsbereich 45 
einer optischen Platte (9102) fokussiert wird und 
gleichzeitig die optische Platte (91 02) gedreht wird, 
urn dadurch eine Mehrzahl von rechtwinkligen 
Streifen eines Strichcodes (9104) in demselben 
Umfangsbereich auf dem reflektiven Film zu bilden, so 

dadurch gekennzelchnet, 

dass das gepulste Laserlicht zu einem recht- 
winkligen Strahlmuster unter Verwendung einer 
rechtwinkligen Maske gefonmt wird; 

dass das rechtwinklige Strahlmuster auf ei- 55 
nem Vor-Pit-Signalbereich der Platte, auf dem Da- 
ten aufgezeichnet werden, fokussiert wird; und 

dass die Mehrzahl von rechtwinkligen Strich- 
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coden (9104) Informationen darstelrt, die sich auf 
die Position einer Markierung (9103), gebildet auf 
der Platte (9 1 02), beziehen . 

2. Verfahren zum Bilden von Strichcoden auf opti- 
schen Platten nach Anspruch 1, dadurch gekenn- 
zelchnet, dass die optische Platte einen Steuerda- 
tenbereich zum Halten darin physikalischer Merk- 
malsinformationen, die sich auf die optische Platte 
beziehen, umfasst, und ein Identifizierer (937) zum 
Anzeigen des Vorhandenseins oder Nichtvorhan- 
denseins des Strichcodes in dem Steuerdatenbe- 
reich aufgezeichnet 1st. 

3. Verfahren zum Bilden von Strichcoden auf opti- 
schen Platten nach Anspruch 1 oder 2, dadurch 
gekennzelchnet, dass eine Breite einer Markie- 
rung des Strichcodes mit der Halfte oder geringer 
als eine Periode der Markierungen des Strichcodes 
durch Aufzeichnen auf dem reflektiven Film in ei- 
nem Vor-Pit-Signalbereich solcher Daten gebildet 
wird, die durch ein RZ-Modulieren von Daten, er- 
zeugt durch PE-Modulieren von Daten, die zu die- 
sem Strichcode gemacht werden sollen, erzeugt 
werden 

4. Verfahren zum Bilden von Strichcoden auf opti- 
schen Platten nach einem der Anspruche 1 bis 3, 
dadurch gekennzelchnet, dass die optische Plat- 
te aus zwei Plattensubstraten, die zusammenlami- 
niert sind, aufgebaut 1st 

5. Vorrichtung zum Bilden einer Markierung, die auf- 
weist: 

eine eine Markierung bildende Einrichtung zum 
Aufbringen einer Markierung (9103) auf einem 
reflektiven Film, der auf einer Platte (91 02) ge- 
bildet ist und Aufzeichnungsinformationen be- 
sitzt; 

eine Erfassungseinrichtung fur eine Markie- 
rungsposition zum Erfassen einer Position der 
Markierung (9103); und 
eine Positionsinformationen schreibende Ein- 
richtung (912, 914) zum Umwandeln minde- 
stens der erfassten Positionsinformationen, 
oder der Informationen, die sich auf die Positi- 
onsinformationen beziehen, in einen Strich- 
code (9104), wobei 

gepulstes Laserlicht, moduliert von einer Licht- 
quelle (912), zu einem rechtwinkligen Strahl- 
muster unter Verwendung einer rechtwinkligen 
Maske (918) geformt wird, 

wobei das rechtwinklige Strahlmuster auf ei- 
nen reflektiven Rim in einen Vor-Pit-Signalbereich 
in einem vorgeschriebenen Umfangsbereich der 
optischen Platte fokussiert wird, auf der Daten auf- 
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gezeichnet werden, und gleichzeitig die optische 
Platte gedreht wird, urn dadurch eine Mehrzahl von 
rechtwinkligen Streifen des Strichcodes (9104) in 
demselben Umfangsbereich auf dem reflektiven 
Film zu bilden, und 

wobei der ganze oder ein Teil des Strichcodes 
(9104) in einer uberschreibenden Weise zu einem 
vorgeschriebenen Bereich eines mit Signalen auf- 
gezeichneten Bereichs auf der optischen Platte ge- 
schrieben wird. 

6. Vorrichtung zum Bilden einer Markierung nach An- 
spruch 5, dadurch gekennzeichnet, dass die Plat- 
te aus zwei Plattensubstraten, die zusammenlami- 
niert sind, aufgebaut 1st. 

7. Einrichtung zum Bilden einer Markierung nach An- 
spruch 5 oder 6, dadurch gekennzeichnet, dass 
die die Positionsinformationen schreibende Ein- 
richtung eine Verschlusselungseinrichtung zum 
Verschlusseln mindestens der erfassten Positions- 
informationen oder von Informationen, die sich auf 
die Positionsinformationen beziehen, umfasst, und 
Inhalte, die so verschliisselt sind, auf die Platte 
schreibt. 

8. Vorrichtung zum Bilden einer Markierung nach ei- 
nem der Anspruche 5 bis 7, dadurch gekennzeich- 
net, dass die die Positionsinformationen schrei- 
bende Einrichtung eine Digital-Signatur-Einrich- 
tung zum Aufbringen einer digitalen Signatur auf 
mindestens die erfassten Positionsinformationen 
oder Informationen, die sich auf die Positionsinfor- 
mationen beziehen, umfasst, und 

wobei das Schreiben mindestens der erfas- 
sten Positionsinformationen oder von Informatio- 
nen, die sich auf die Positionsinformationen bezie- 
hen, ein Schreiben von Informationen, die sich auf 
ein Ergebnis der Aufbringung der digitalen Signatur 
auf die Platte beziehen, bedeutet. 

9. Vorrichtung zum Bilden einer Markierung nach ei- 
nem der Anspruche 5 bis 8, dadurch gekennzeich- 
net, dass eine Breite einer Markierung des Strich- 
codes mit der Halfte oder geringer a!s eine Periode 
der Markierungen des Strichcodes durch Aufzeich- 
nen auf den reflektiven Film in einem Vo r- Pit-Si - 
gnalbereich solcher Daten gebildet wird, die durch 
RZ-Modulierenvon Daten, erzeugt durch PE-Modu- 
lieren von Daten, die zu diesem Strichcode ge- 
macht werden sollen, erzeugt werden. 



Aufbringen mindestens einer Markierung auf 
den reflektiven Film (819a); 
Erfassen mindestens einer Position der Mar- 
kierung (819b); und 

Verschlusseln der erfassten Positionsinforma- 
tionen (819c) und Schreiben der verschliissel- 
ten Informationen auf die Platte (81 9d), 

wobei dann, wenn verschlusselt und ge- 
schrieben wird, mindestens die verschlusselten In- 
formationen in einen Strichcode umgewandelt wer- 
den, und wobei ein Verfahren gemaB einem der An- 
spruche 1 bis 4 durchgefuhrt wird, und 

wobei der gesamte oder ein Teil des Strich- 
codes in einer uberschreibenden Weise zu einem 
vorgeschriebenen Bereich eines Vor-Pit-Signalbe- 
reichs auf der Platte geschrieben wird. 

11. Verfahren zum Herstellen einer Platte, das die 
Schritte aufweist: 

Bilden mindestens einer Platte (81 8e, 81 8g); 
Bilden eines reflektiven Films auf der gebilde- 
ten Platte (81 8f, 81 8h); 

Aufbringen mindestens einer Markierung auf 
den reflektiven Film (819a); 
Erfasssen mindestens einer Position der Mar- 
kierung (819b); und 

Aufbringen einer digitalen Signatur zu den er- 
fassten Positionsinformationen und Schreiben 
auf der Platte (81 9d); 

wobei dann, wenn die digitale Signatur aufge- 
bracht und geschrieben wird, mindestens ein Er- 
gebnis der digitalen Signatur in einen Strichcode 
umgewandelt wird, und wobei ein Verfahren nach 
einem der Anspruche 1 bis 4 durchgefuhrt wird, und 
4 wobei der gesamte oder ein Teil des Strich- 
codes in einer uberschreibenden Weise zu einem 
vorgeschriebenen Bereich eines Vor-Pit-Signalbe- 
reichs auf der Platte geschrieben wird. 

1 2. Verfahren zum Herstellen einer Platte nach den An- 
spruchen 10 oder 11, dadurch gekennzeichnet, 
dass die optische Platte einen Steuerdatenbereich 
zum Halten darin physikalischer Merkmalsinforma- 
tionen, die sich auf die optische Platte beziehen, 
umfasst, und wobei ein Identifizierer (937) zum An- 
zeigen des Vomandenseins oder Nichtvorhanden- 
seins des Strichcodes in dem Steuerdatenbereich 
auf gezeichnet ist 
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10. Verfahren zum Herstellen einer Platte, das die 
Schritte aufweist: 

Bilden mindestens einer Platte (81 8e, 81 8g); 
Bilden eines reflektiven Films auf der gebilde- 
ten Platte (81 8f, 81 8h); 



13. Verfahren zum Herstellen einer Platte nach den An- 
spriichen 10 oder 11, dadurch gekennzeichnet, 
dass eine Breite einer Markierung des Strichcodes 
mit der Halfte oder geringer als eine Periode der 
Markierungen des Strichcodes durch Aufzeichnen 
auf dem reflektiven Film in einem Vor-Pit-Signalbe- 



27 



53 



EP 1 028 423 B1 



54 



reich solcher Daten gebildet wird, die durch RZ-Mo- 
dulieren von Daten, erzeugt durch PE-Modulieren 
von Daten, die zu diesem Strichcode gemacht wer- 
den sollen, erzeugt werden. 

Revendications 

1 . Procede de formation d'un code a barres sur un dis- 
que optique dans lequel une lumiere laser pulsee 
modulee a partir d'une source de lumiere est foca- 
lisee sur un film reflecteur dans une partie de rayon 
prescrite d'un disque optique (91 02), et dans le mi- 
me temps, on fait tourner ledit disque optique 
(9102), moyennant quoi une pluralite de rayures 
rectangulaires dudit code a barres (9104) est for- 
mee dans la meme partie de rayon sur ledit film re- 
flecteur, 

caracterise en ce que 

on donne a ladite lumiere laser pulsee la for- 
me d'un motif de faisceau rectangulaire par I' utilisa- 
tion d'un masque rectangulaire ; 

ledit motif de faisceau rectangulaire est foca- 
lise sur une region de signal de pre-purts du disque 
sur laquelle les donnees sont enregistrees ; et 

la pluralite de codes a barres rectangulaires 
(9104) represente des informations relatives a la 
position d'une marque (91 03) formee sur le disque 
(9102). 

2. Procede de formation d'un code a barres sur un dis- 
que optique selon la revendication 1 , caracterise 
en ce que ledit disque optique comprend une zone 
de donnees de commande pour contenir dans celie- 
ci des informations de caracteristiques physiques 
relatives audit disque optique, et un identrf iant (937) 
pour indiquer la presence ou ('absence dudit code 
a barres est enregistre dans ladite zone de donnees 
de commande. 

3. Procede de formation d'un code a barres sur un dis- 
que optique selon la revendication 1 ou 2, caracte- 
rise en ce qu'une largeur d'une marque dudit code 
a barres est formee sur la moitie ou moins d'une 
periode des marques du code a barres par I'enre- 
gistrement sur le film reflecteur dans une region de 
signal de pre-purts, des donnees telles que celles 
qui sont generees en modulant par retour a zero 
des donnees generees par 1 a modulation de phase 
de donnees qui dorvent etre utilisees pour consti- 
tuer ledit code a barres. 

4. Procede de formation d'un code a barres sur un dis- 
que optique selon Tune quelconque des revendica- 
tions 1 a 3, caracterise en ce que ledit disque op- 
tique est construct a partir de deux substrats formant 
disque qui sont plaques ensemble. 



5. Appareil de formation d'une marque comprenant : 

des moyens de formation d'une marque pour 
appiiquer une marque (91 03) sur un film reflec- 
s teur qui est forme sur un disque (91 02) et qui a 

des informations d'enregistrement ; 
des moyens de detection de la position d'une 
marque pour detecter une position de ladite 
marque (9103) ; et 
*o des moyens d'ecriture des informations de po- 

sition (912 ; 914) pour convertir au moins les- 
dites informations de position detectees, ou 
des informations relatives aux dites informa- 
tions de position, en un code a barres (9104), 
*5 dans lequel : 

une lumiere laser pulsee modulee a partir 
d'une source de lumiere (91 2) se presente 
sous la forme d'un motif de faisceau rec- 
20 tangulaire par I'utilisation d'un masque rec- 

tangulaire (918), 

ledit motif de faisceau rectangulaire est fo- 
calise sur un film reflecteur dans une re- 
gion de signal de pre-puits dans une partie 
25 de rayon prescrite dudit disque optique sur 

laquelle des donnees sont enregistrees, et 
dans le meme temps, ledit disque optique 
est tourne, moyennant quoi une pluralite 
de rayures rectangulaires dudit code a bar- 
30 res est formee dans la mdme partie de 

rayon sur ledit film reflecteur, et 
la totalite ou une partie dudit code a barres 
(91 04) est ecrite en reecrivant sur une re- 
gion prescrite d'une zone de signal enre- 
35 gistree sur ledit disque optique. 

6. Appareil de formation d'une marque selon la reven- 
dication 5, caracterise en ce que ledit disque est 
constant a partir de deux substrats formant disque 

<o qui sont plaques ensemble. 

7. Appareil de formation d'une marque selon la reven- 
dication 5 ou 6, caracterise en ce que lesdits 
moyens d'ecriture des informations de position 

45 comprennent des moyens de cryptage pour crypter 
au moins lesdites informations de position detec- 
tees ou des informations relatives aux dites infor- 
mations de position, et ecrtvent les contenus ainsi 
cryptes sur ledit disque. 

50 

8. Appareil de formation d'une marque selon Tune 
quelconque des revendications 5 a 7, caracterise 
en ce que lesdits moyens d'ecriture des informa- 
tions de position comprennent des moyens de si- 

55 gnature numerique pour appiiquer une signature 
numerique sur au moins lesdites informations de 
position detectees ou lesdites informations relati- 
ves aux dites informations de position ; et 
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I'ecriture d'au moins lesdites informations de sultat de ladite signature numerique est converti en 

position detectees ou des informations relatives un code a barres, et un procede selon Tune quel- 

aux dites informations de position signifie ecrire des conque des revendications 1 a 4 est execute ; et 

informations relatives a un resultat de ladite appli- dans lequel latotalite ou une partie dudit code 

cation de la signature numerique sur ledit disque. 5 & barres est ecrite en r6ecrivant sur une region 

prescrite d'une zone de signal de pre-puits sur ledit 

9. Appareil de formation d'une marque selon I'une disque. 
quelconque des revendications 5 a 8, caracterise 

en ce qu'une largeur d'une marque dudit code a 12. Procede de fabrication d'un disque selon les reven- 

barres est formee sur la moitie ou moins d'une pe- 10 dications 1 0 ou 11 , caracterise en ce que ledit dis- 

riode des marques du code a barres par I'enregis- que optique comprend une zone de donnees de 

trement sur le film reflecteur dans une region de si- commandepourcontenirdanscelle-ci des informa- 

gnal de pre-puits, des donnees telles que celles qui tions de caracteristiques physiques concernant le- 

sont generees en modulant par retour a zero des dit disque optique, et un identifiant (937) pour indi- 

donnees generees par la modulation de phase de 15 quer la presence ou Pabsence dudit code a barres 

donnees qui doivent dtre faites en tant que ledit co- est enregistre dans ladite zone de donnees de com- 

de a barres. mande. 



1 0. Procede de fabrication d'un disq ue, comprenant les 
etapes consistant a : 20 



11. Procede de fabrication d'un disque, comprenant ies 
etapes consistant a : 

former au moins un disque (81 8e, 81 8g) ; 
former un film reflecteur sur ledit disque forme 
(818f,818h); 

appliquer au moins une marque sur ledit film 
r6flecteur (81 9a) ; 

detecter au moins une position de ladite mar- 
que (819b) ; et 

appliquer une signature numerique sur lesdites 
informations de position detectees et ecrire sur 
ledit disque (81 9d) ; 

dans lequel, lors de Implication de ladite si- 
gnature numerique et de Fecriture, au moins un re- 



13. Proc6de de fabrication d'un disque selon les reven- 
dications 10 ou 11, caracterise en ce qu'une lar- 
geur d'une marque dudit code a barres est formee 
sur la moitie ou moins d'une periode des marques 
du code a barres par I'enregistrement sur le film re- 
flecteur dans une region de signal de pre-puits, des 
donnees telles que celles qui sont generees en mo- 
dulant par retour a zero des donnees generees par 
la modulation de phase de donnees qui doivent etre 
faites en tant que ledit code a barres. 



former au moins un disque (81 8e, 81 8g) ; 
former un film reflecteur sur ledit disque form 6 
(81 8f, 81 8h); 

appliquer au moins une marque sur ledit film 25 
reflecteur (819a) ; 

detecter au moins une position de ladite mar- 
que (819b) ; et 

crypter lesdites informations de position detec- 
ted (81 9c) et ecrire lesdites informations cryp- 30 
tees sur ledit disque (81 9d) ; 

dans lequel, lors du cryptage et de I'ecriture, 
au moins lesdites informations cryptees sont con- 
verti es en un code a barres, et un procede selon 35 
Tune quelconque des revendications 1 a 4 est 
execute ; et 

dans lequel la totalite ou une partie dudit code 
a barres est ecrite en reecrivant sur une region 
prescrite d'une zone de signal de pre-puits sur ledit 40 
disque. 
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Fig. 6 
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Fig. 12 
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Fig. 14 



(a) RECORDED DATA 
(WHEN n=1). 



951a 
951 b^S 
951c- 
951 d 

952a- 
952bvr4 
952c 
952c>^ 



-SB- 



IB 



SB 



RS , 
RS , 
RS, 
RS - 



RS 
RS, 
RS 



13 



13 



RSm 



RSis 



48 



Preamble (All OOh) 



I 8 



I1 
Is 

I 9 



I a 13 

I10 



EDC(4B) 



<t>.o 



ECC 



'0.3 



C 3.0 

{ 

^3.3 



Postamble (AS 55h) 



(b) EQUIVALENT DATA 

DATA FOR ECC ENCODING 
(WHEN n=1) 



1 row 



4n rows 



4n rows 



>1 row 




(c) TYPICAL EQUATION 

FOR EDO COMPUTATION 
EDO (Error Detection Code) 



Cd) TYPICAL EQUATION 

FOR fcDC COMPUTATION 
ECC (Error Correction Code) 



31 



EDC^ (x)=Zbi-x' 



12Bn-31 
PCA la32 

R- (x)=| 1,^-x 51 - 1 



PCA 



4n-2 



43 



EP 1 028 423 B1 




44 



BP 1028 423-B1 



Page 45 oi 




45 



EPA 028 423- B1 



Page 46 o 



EP 1 028 423 B1 




46 



EP 1 028 423 B1 



Page 47 o 



EP 1 028 423 B1 



Fig. 18A 



PRODUCE MARK WITH RANDOMLY 
DROPPED PORTIONS ON REFLECTIVE FILM 



\f MEASUREMENT OF POSITION 
INFORMATION 



MEASURE MARK POSITION 
1NFPRMAT1QN 



-735b 



COMPRESS 



-73Sd 



359 





08TAIN COf 
ECC-CQPED PQSfTIP 


rfPRESSED. ' 
p/ INFORMATION H/^n 






> 


MESSAGE RECOVERY 
ENCRYPTIONS IGNATUI 
1 POSITION INFORMAT 


TYPE 

*E)OF 

TON 


SET SECRET KEYS d (51 2 or 1 024 bits), p. q, 69§v 



• ENCRYPTION (SIGNATURE 
COMPUTATION) OF POSITION 
INFORMATION BY RSA FUNCTION, A 
MESSAGE RECOVERY TYPE FUNCTION 
• CI PH ERTEXT: C=M d mod n 



RECORD CIPHERTEXTC ON DISK 



3~ 



-695b 



695d 



SHIP DISK 



LOAD DISK 



-735k 



-735m 



ENCRYPTION (SIGNATURE 
VETOF1CATI ON1 OF CIPH ERTEXT] 



RECOVER CIPH ERTEXT ^ 698o 



SET PUBUC KEYS e, n 
©: 3 OR LARGER INTEGER 
m 512 OR 1024 BITS 



6931 



ENCRYPTION 
{SIGNATURE VERIFICATION) 



* 698b 



- Z' ERROR CHECK". 

^ Yes 

; DISK CHECK ROUTINE^. 



-735w 



-735a 



598 



47 



EP 1 028 423 B1 



Page 48 o 



EP 1 028 423 B1 



Fig. 1 8B 



0 



EXPAND H 



.736a 



DISK CHECK 
ROUTINE 



OUTPUT POSITION INFORMATION 



.736b* 



MEASURE MARK POSITION INFORMATION ON DISK 



COMPARE OUTPUT POSITION INFORMATION WITH 
MEASURED POSITION INFORMATION 




.736c 

-736d 
✓736f 



DISPLAY AS 
DUPUCATED DISK 



( STOP ^ 



EXECUTE PROGRAM OR OUTPUT DATA 



,736h 



735w 



48 



EP t028 423 B1 



Page 49 o 



EP 1 028 423 B1 



FIG.19 



PROGRAM IN REPRODUCTION 
APPARATUS FOR DETECTING 
OPTICAL MARK WITH INCREASED 
I ACCURACY OR STABtLfTY , 



REPRODUCE STRIPES. PE-RZ 
DEMODULATE REPRODUCED 
STRIPES AND OBTAIN ClPHERTEX' 



86Sw 



Yes 



BS5a 



RECOVER ENCRYPTED 
POSITION 
INFORMATION 



DECRYPTION OR 
SIGNATURE VERIFICATION 



ROUTINE FOR 

CONSTRUCTING 

POSITION 

INFROMATTON 

TABLE . 

v-865b 



CONSTRUCT POSITION INFORMATION 
TABLE (OPTICAL MARK NUMBER: m. 
AO DRESS: nn. START/END FRAME SYNC 
NUMBER, CLOCK NUMBER: Tarn. Tern 



V 1 



DETECT ADDRESS 'X&A ] MEASURING \ 

os^ 1 CIRCUIT DBLA^j 

t ^, J IMHl P 
COUNT FRAME SYNC NUMBER | 




865y 



MEASURE AND STORE 
CIRCUIT DELAY TIME : TO 

Wi 



.8659 



m=0 



,as5x 



ROUTINE FOR 
DETECTING PIRATED? 
^ DISK 



CORRECT CIRCUIT DELAY 
_ TIME TO 

Tsm - To a Ts'm 
TEm - To » TErn 



86Sn 



READ TOLERANCE 866. tA AND 
PASS COUNT. . 
ERROR DETECTION COUNT 
ALLOWABLE UMT: N A. 



I 



,865p 



CHECK IF POSmON INFORMATION 
IS WITHIN TOLERANCE 

tsm - tA < Ts'm < Tsm + tA 
tan • tA < TErn <Tem ♦ u 



No 




S5v 



JUDGE AS 
LEGITIMATE DISK 



1 

(run) 



JUDGE AS 
ILLEGAL DISK 



(stop) 



m=m+1 



DETECT ADDRESS : nm-1 



ROUTINE FOR DETECTING 
ADDRESS AND CLOCK COUNT 
FOR OPTICAL MARK re 



COUNT FRAME SYNC NUMBER 
flNOCtnCK 




MEASu^ " S T wS ^ RA TCr 



SYNC NUMBER CLOCK 
COUNT TSM AND END 
CLOCK COUNT TME 

r 



49 



EP1 028 423 81 



Page 50 o 



EP 1 028 423 B1 




O 
CVJ 



^ O 



2 

Ui 
> 

1 
B 

i- 

s 

< 

co 
O 



cc 

LU 

5 



CO 

cc 

LL. 



o 
tu 

Q 

a 



LU 



co 



5 



< 
o 

LU 
Q 

CC 

< 

UJ 

cc 



ui 



CO 
CO 
UJ 

cc 

Q 
Q 
< 



CO 
CO 
UJ 

cc 
a 




to 

CM 
LU 



LU 



CVJ 
LU 

2 



LU 



CC 
LL. 



O 

UJ 

< 

CC 



E 

8 



- < 

CO 

a 

O 
_j 
o 



§ 

CU 

LU 
CC 



A A 



s 

s 



p 

LU 

o 

Q 

o 

cc 

Q- 
LU 

CC 



5 5 

a «> 

—J LU 

it 

2 LU 



o 
o 



cc 

LU 
CO 

2 



co ST 
co St 
lu 2 

|S 



IMCPSSVd 



3 >Mvnqnoi 



U3AV1 



£ 6 
< Jg 
2 z 



3 <o 
< m 



8 

O 

o 



LU 
1 



cc 

LU 
CL.. 



> 

cc 
o 
h- 

o 

LU 

CO 

cc 

LU 
CC 

i 

CO 

OJ_ _ 

II 

o 



£98 

X 



a a a a 

— CM CJ T 



o 
z 2 

2 CL 



LU 
-J 

§1 

LU 



< 



50 



ER -1 028 423, B1 



Page 51 o 



EP 1 028 423 B1 




CQ 
. EC 
UJ 

. a 
z 
o 

— i 

cc 
O 

s 

o 



CC 

s 

LLI 



CO 

a 



i 
i 

LLI 
I- 
LU 
Q 

O 
Z 
b£ 
CC 



oc 

LU 



LU 

5 

Z 



co 
to 

LU 



C\J 



o 

LU 
CO 



CO 
CO 
LU 
OC 
Q 



CO 
CO 
LU 
CC 

§ 

< 
o 

LU 

CO 




m 

CM 



2 

2 



< 

CC 



LU 



CC 
LU 



.5 1 8 

LU £ 



O 
CO 
CD 
Z 
ft 



LU 

< 
DC 



o 

CO 

O 

CL 
LU 
2 



E 



Z 

CD 
CO 

8 
d 



3 
o 

GC 
Q_ 

LU 
CC 



A A 



*9€l 



s 



1 



- i_ 



is 

uj to 

-J LU 

CC n 
2 LU 



LU O 

o -j a 
r> o u 

9 -J 5 

O LU 
CC Z = 

LU < 

CC X 

o 



= CC 
CO LU 
O CQ 

Si 
I z 
E 



CO ^> 
CC " 

a 



o 

UJ 
CO 



TO" 



— w 
cc of 

51 



X 

i 

CO {2 



o 

CO 

tn 

CVJ 



< 



O DC 

o c 

—I QC 
O LU 

in: cu 

co 

CO 



cc 

I 

LU 
CO 

CC 
LU 

a. 

>< 

i 

CM 



is? 

o 

CO 



C3 2 

z o 
5 t: 

is 



S85 
8 58S 

LU 
— » 

a. 
2 



< 
a 



i 

cc 

O ac 

DC £ 

|S 

tu 
z 
o 



51 



EP 1 028 423 B1 



Fig. 22 



INSTALLATION START 




901b 



> £STOP) 



CONNECT TO PERSONAL ( 
COMPUTER NETWORK 



I 



INPUT USER ID. 
SOFTWARE IP 



901c 



901 d 




run) 



901O 




9.01 f 



TRANSMIT DRIVE 

in 



TRANSMIT DISK ID 



i 



COMPUTE PASSWORD WITH // 
SUB PUBLIC KEY AND 
COMPARE WITH DRIVE ID 



901k 




STOP) 



PASSWORD ISSUING CENTER 



£ 



COMPUTE PASSWORD WITH 
. SUB PUBUC KEY AND 
COMPARE WITH DISK ID 




901m 



• (stop) 




yes y 



901 g 



GENERATE PASSWORD BY 
COMPUTING CJPHERTEXT 
OF DRIVE ID AND 
SOFTWARE ID USING SUB 
SECRET KEY 




901J 



GENERATE PASSWORD BY 
COMPUTING CJPHERTEXT 
OF DISK ID AND SOFTWAE 
ID USING SUB SECRET KEY 



52 



EP.\ 028 423 B1 



Page 53 o 



EP 1 028 423 B1 



CO cvj 
o o o 

GO CO CO 




Q 

DC 

o 
o 

LU 
DC 

o 



s 





O 

* UJ 












INPUT 
SECTIOh 


ENCRYPTION 
ENCOpER 


< 

✓ 



CO 
CNJ 




o 

CO 
CO 



53 



EP 1 028 423 B1 



Page 54 o 



EP 1 028 423 B1 



Fig.24 



RZ RECORDING 

■ MODULATION CLOCK 

BASED ON ROTATION 

PULSE 



(1) RECORDED SIGNAL OF W 

/920a V921a ^/922a 
I T1 □ T2 I T3 I T4 [ 



924a 



t1 



t3 



t4 



t5 



T1 



-> t 



(2) TRIMMING PATTERN OF "00" 



j ^925a ^9268 ^ 9 27a 




,923a 



(3) RECORDED SIGNAL OF "01" 92 ib 

T1 | T2 T3 I 



T4 



t1 



t2 



■T-f 



t3 



t4 



T1 



t5 



(4) TRIMMING PATTERN DF "Or 



^925b 926b ^92?b 




923b 



54 



EP 1 028 423 B1 



Fig.25 

NRZ RECORDING 



(1) RECORDED SIGNAL OF "00" 

y 920a , 921a 



I T, □ 



±Z5 "< 



922a 



928a 



t1 t2 



t3 



928b 



t4 



t5 



(2) TRIMMING PATTERN OF "00" 




(3) RECORDED SIGNAL OF "10" 
✓ 920a 



I T, ' I T, 


Ta I T. I 








/928b 






1 


k ■ — -t 


r ^ 


r 



-> t 



tT . t2 

(4) TRIMMING PATTERN OF "10" 



t3 



t4 



t5 



/%/ 925b ^y926b ^ 9 27b 




55 



EP 1 028 423 B1 



.26 



PE-RZ RECORDING 

RECORDING . 
CLOCK 1 1 



1 2 3 

(1) RECORDING SIGNAL OF -0- y 927 



■> t 



c« lX 921 a 922a 



920a 

924a 



t1 



t2 



T 

t3 



(2) TRIMMING PATTERN OF *0» 

^ 92Sa 926a 




(3) RECORDING SIGNAL OF M" 



t1 t2 t3 

(4) TRIMMING PATTERN OF M" 



926b 



^923b 




Ci 


Ca 


Ca 


0 


1 


0 



T 



924c 

n 

12 



^/9p4c 



T" 
□ 



14 



15 



, ' 924© 
16 



r7 



56 



EP I 028 423 B1 



Page 57 <y 



EP 1 028 423 B1 



FIG.27 



( 1 ) TOP PLAN VIEW 



(2) BARCODE 

RECORDED SIGNAL 

(3) RECORDED 
SIGNAL 

(4) RECORDED 
DATA 

REPRODUCED SIGNAL 




(5) REPRODUCED !' 
SIGNAL 

(5) FILTERED s, 
WAVEFORM 

(7) REPRODUCED 
DATA 



jcff </! 



3.T IT 2T 



ft 



JU 



■Qr: 



Jl 



57 



EP. 1 028 423 B1 



Page 58 o 



EP 1 028 423 B1 




58 



EP 1 028 423 B1 




59 



EP 1 028 423 B1 



Page 60 o 



EP 1 028 423 B1 




60 



EP 1 028 423 B1 



.31 



START 



930a 



MOVE OPTICAL HEAD 
TO INNER PORTION 



ROTATIONAL SPEED CONTROL 




930b 
-w 930c 





Yes . 


PLAY BACK STRIPES' 







930i 



930d 






Yes 








930f 


MOVE HEAD TO OUTER AREA~ 


> 


f 


-t— 930g 


ROTATION PHASE CONTROL' 



I 



PLAY BACK DATA 



930h 



61 



028 423 81 



Page 62 o 



EP 1 028 423 B1 




62 



EP 1 028 423 B1 



Fig.33 



(a) DATA STRUCTURE 
SB 



951a, 
951b. 
951c. 
951 d. 
951 e. 



9512. 
952a^_ 



18 



SB 



RS , 
RS , 
RS , 
RS , 
RS , 



RS", 
RS , 
RS , 
RS , 



RS* 



RS 
RS 
RS 
RS 



RS14 



RS16 



4B 



Preamble (All OOh) 



*o 



I 5 



I, 



Information 



l 16iv-8 



16n-S 



EDC(4B) 



ECC 



'0.3 



3.0 



3.3 



Postamble (All 55h) 



(b) DATA STRUCTURE WHEN i 



row 



951 a, 
951b. 



9523^ 



4n rows 
(l^n^!2) 



SB 




RS , 
RS , 


h 
U 


RS 1 


la 


RS , 


EDC 


RS 

Rs 13 


c 

j oo 

j ECC 


RS U 




Rs 15 





4 rows 
^ 1 row 



(c) RANDOM ERROR CORRECTION CAPABILITY 



BrT ERROR RATE 
BEFORE CORRECTION 


READ ERROR RATE 
AFTER CORRECTION 


10^ 


1 IN 10 10 DISKS 


10" 4 


1 IN 10 7 DISKS 


10 - 3 


1 IN 10 4 DISKS 


BURST ERROR CORRECTION CAPABILITY 



63 



EP 1 028 423 B1 



Fig. 34 



(a) SYNCHRONIZATION CODE DATA 

SYNCHRONIZATION CODE 



Sync 
Byte 
/ Resync 


Bit Pattern 


Fixed Pattern 


Sync Code 


( Channel bit ) 

C 1S C 14 C K°M C 11 C 10 C 9 C 8 


( Data bit ) 
b 3 b 2 b t b 0 


SB 


0 1. I 


o o i 


0 1 \ 


1 0 


0 0 0 o 


RSi 


0 1 ; 


0 o j 


Q 1 : 


1 0 


. 0 °. 0 • . 1 


RS 2 


0 1 


0 0 : 


0 1 j 


1 0 


0 0 10 










• * 








RSi 


0 1 


• 0 0 


. o .1 i 


1 0 


i . 


















RSis 


0 1 


! 0 0 


i o 1 ! 


1 0 


1 1 1 1 




^roniz; 

0 0 


jkTION 
I 0 1 








(b) FIXED SYNCh 
PATTERN 
I 0 1 


1 0 

(0 1) 


TRIMMING COUNT IDENTIFIER x 

RECORDING BY FIRST TRIMMING 
! ^ RECORDING BY SECOND 
TRIMMING 






u 




| 4t— 


























T 




T 2 


n 







(c) MAXIMUM CAPACITY 





RECORDING 
CAPACITY 


TOTAL BYTE 
COUNT 


EFFICIENCY 


RECORDING 
AREA ANGLE 


UNRECORDED 
AREA ANGLE 


MINIMUM 


12B 


41B 


29.3% 


51 

DEGREES 


309 
DEGREES 


MAXIMUM 


188B 


271 B 


69.4% 


336 

DEGREES 


24 

DEGREES 



64 



EP 1 028 423 B1 



Fig.35 



(a) LPF FILTER 



Zout 
(50 Q) 



T 



33 M H 



8200pF 



T 



8200pF 



943 

Zin 
(50 Q) 



(b> SIMULATOR WAVEFORM AFTER LPF : Ii4L= Is - 0.1 




65 



EP 1 028 423 B1 



Fig.36 



(a) REPRODUCED SIGNAL WAVEFORM 

T (S) (NS) orT (S) ~T (NS) 

^ U31 > < T (NS) > 

at1440rpm (24Hz) 




Il4H 



14L 



Ground 



n=1,2, 3, or 4. 



REFLECTIVITY SPECIFICATION I s /1 14H^0.1 



(b) DIMENSIONAL ACCURACY OF SLIT ( at r=22.2mm) 

30Xn^m r 
30Xn^nr 



(c) 




10±5^rn 

tm . 




10d;5/xm 





66 



EP 1 028 423B1 



Page 67 o 



EP 1 028 423 B1 



Fig.37 



(1) TIME SLOT 





Ti 


T 2 


T 3 


T 4 


(2) CHANNEL BIT 




















.0 


1 


0 


0 


• 0 


1 


1 


0 



(3) RECORDING PULSE 



(4) EMITTING PULSE 



67 



EP 1 028 423 B1 



Fig.38 



SWITCHING SEQUENCE BETWEEN ROTATION SPEED CONTROL 
AND ROTATION PHASE CONTROL ■ 

DISK INSERTION OR PCA READ INSTRUCTION RECEIVED 



MOVE OPTICAL HEAD TO OUTER - 
AREA OF CONTROL DATA AREA 




> 


f 






PLAY BACK CONTROL DATA" 





940n 
940a 



940b 




PLAY BACK RECORDING 
LAYER ON REVERSE 
SIDE OR OUTPUT 
"REVERSE-SIDE 

PLAYBACK 
INSTRUCTION" 



SET TRACKING OFF AND MOVE OPTICAL HEAD TO I 
PORTION INWARD OF CONTROL DATA ARFA 



INNEa-w 940C 



. SWITCH TO CAV ROTATIONAL 
SPEED CONTROL AND PLAY BACK 
PCA STRIPES 




•940d 



SWITCH TO ROTATION PHASE 
CONTROL AND MOVE OPTICAL 
HEAD TO OUTER PORTION 



940f 



SET TRACKING ON ANDP^ 940 9 



PLAY BACK DATA 



68 



EP 1 028 423 B1 



Page 69 o 



EP 1 028 423 B1 




CD 
CO 



69 



EP 1 028 423 B1 



Fig.40 



FLOWCHART WHEN OPTICAL HEAD LANDS AT INNER 
CIRCUMFERENCE OF CONTROL DATA AREA 



c 



START 



MOVE OPTICAL HEAD TO INNER CIRCUMFERENCE- 
OF CONTROL DATA AREA 



947a 




947p 



SWITCH TRACKING MODE 



ROTATION SPEED ^ 
CONTROL(CAVJ/PUkY BACK 
ADDRESS WITH TRACKING ON 



947b 




ADJUST OPTICAL HEAD POSITION 
BASED ON ADDRESS FROM PCA 
EMPTY PORTION OF PCA AREA 




947f 



MOVE OPTICAL 
HEAD TO INNER 
CIRCUMFERENCE 



•947e 



-l^9471 



READ PCA FLAG 
IN CONTROL DATA 



SWITCH TO ROTATION PHASE 
CONTROL (CLV) AND MOVE OPTICAL 
HEAD TO OUTER PORTION 



1 




947r 



READ PCA FLAG IN CONTROL DATA 




947k 




70 



EP 1 028 423 B1 



Page 71 o 



EP 1 028 423 B1 



O 
O 
00 




71 



EP 1 028 423 B1 



Page 72 o 



EP 1 028 423 B1 




O 
O 
CO 



> 






WAVESH 
APING 



CM 

Li_ 



72 



EP 1 028 423 B1 




1OU1NO0 
3SVHd NOIJ.VXOU 



<r "ioujlnoo 

Q33dS HVNOIIVIOU 



73 



EP 1 028 423 B1 



Fig. 44 



MARKING 

9103 



MARKING 
READING 
MEANS 



I 



9106 




9102 



9104 

BARCODE OF 
MARKING POSITION 
INFORMATION 



POSITION 
INFORMATION 
READING MEANS 



DECRYPTING 
MEANS 



■9101 



•9105 



9107 



COMPARING/JUDGI 
NG MEANS 




Yes 



9109 



No 



REPRODUCTION 
STOP SIGNAL 



^^9108 
REPRODUCTION SIGNAL 



74 



EP t 02S 423 B1 



Page 75 oi 



EP 1 028 423 B1 




75 



EP 1 028 423 B1 



CD 




76 



EP 1. 028-423. B1 



Page 77 o 




EP 1 028 423 B1 



Page 78 o 



EP 1 028 423 B1 



52 

Q 
GC 



8 

5 

I 

CO 

i 



'2 ^ , ST 



o 

CO 



Q 

5 

o 
—j 

— i 
2 

S 
I 



CO 
UJ 
CO 
CO 

£ 

Q 
■ Q 
< 
—I 

2 c 



«2 ™ 

2 < 



3 3 



to 



a 
3 

— Q 



in oo 



3 cs 



> 3 £ 

d d d 



O lli 
«>5 



2 
o 
oc 



Q 

s 

s 

s 

CO 

CD 
Q 



CO 
Uj 
CO 

2 

o 

s 

o 



II 

-» O 
-J LU 
< O 

o o 
CO o 

>- o 
x tr 
a. a. 



a 
z 

§ 

to 




O 



i • : * 



CO 



ooyo 

. 3QO0 GNUO 

3waoo-yoyy3 



« o o 



0NOO3S 



0WO03S 



X3QNI 



w3bwtn 



TVttEHS SS3W0OV 



TVNOfS TOUWOO 




•' / ;* • / • .' • ' : ■ : 

• v / / .• ■ ; • : - 
•' .* / .».•/•/• . 



O 



78 



